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CHAPTER 1: 


GENERAL INFORMATION 


1.1 INTRODUCTION 


The ACS68998 Computer System is an advanced sixteen-bit general 
purpose computer that supports up to sixteen users. The ACS68000 
system includes either 512K bytes or 1 Megabyte of random access 
memory and can access up to sixteen Megabytes of memory with 
parity error detection. Memory management hardware improves the 
efficiency of system memory usage . Several peripherals are 
available to provide the system with mass storage. The ACS68009 
can be easily extended to meet the requirements of a wide 
variety of applications. The various system configurations are 
listed and the electrical and environmental requirements are 
defined. All hardware elements are described in detail; specific 
attention is given to the hardware-software interfaces. 


1.2 GENERAL DESCRIPTION 


The ACS68904 System is a sixteen-bit general purpose computer 
based on the 68898 microprocessor family. While the system is 
designed to meet multiuser and multitasking requirements it may 
also be configured for large single user applications. Main 
system features include: 


fe) 


Sixteen-Megabyte direct memory addressability from CPU and 
DMA subsystems allows mainframe software to run without 
overlays. 


Expansion through an interface that is electrically compati- 
ble with the Intel Multibus. 


Up to one Megabyte of main memory is supported within 
the CPU cabinet with up to sixteen Megabytes addressable. 


Up to sixteen users can be attached through the sixteen 
serial channels available on the rear panel. 


A CPU nucleus of approximately 39 ICs allows the system to 
run diagnostics and maintenance routing. 


Each of the three main board sections (CPU, memory, DMA 
subsystem) may be independently tested via the external 
Multibus connector. 


Integral 29 or 409 Megabyte (unformatted) Winchester hard 
disk drive with an intelligent disk controller. 


Integral eight-inch flexible disk drive. 


1-2 


1.3 OPERATING FEATURES 


The following lists summarize the main hardware features of the 
AC68908 system: 


1.3.1 CPU Subsystem Features 


Oo 


Sixteen-bit CPU section consisting of a 68888 microprocessor 
running at 8-MHz, with from one to four memory management 
units (MMU) consisting of thirty-two (32) segment descrip- 
tors each. 


Memory management provides address translation, write pro- 
tection and access control for each segment of main memory. 


8K bytes of bootstrap and configuration control Read Only 
Memory (ROM/EPROM) permitting system initialization from any 
integral online mass storage device. 


Parallel interface capable of controlling one high speed 
line printer with a Centronics parallel interface, 


Two locally configured serial interfaces designed to support 
asynchronous terminals and printers with EIA RS-232C inter- 
faces. 


Fully vectored interrupt capability with thirty-four sepa- 
rately vectored interrupts. Each is independently program- 
mable and maskable. 


Programmable combination lock for OEM usage. 


4K bytes of static RAM for restricted usage (cache RAM) to 
allow CPU to operate without accessing system bus, used for 
fault diagnosis. 


Five sixteen-bit timers. Two may be dedicated to baud rate 
generation for the locally configured serial channels, while 
the other three are available for general use. 


1.3.2 DMA Subsystem Features 


ce) 


Flexible disk controller capable of controlling an eight- 
inch disk drives with support for single and double density 
recording on a single-sided diskette drive. 


One 808 kilobaud serial port configured to support Altos Net 
protocols with RS-422 drivers and receivers. 
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1.3.3 Memory Subsystem Features 


fe) 


Sixteen-bit main memory consisting of 512K bytes that 
can be expanded to one megabyte with typical memory access 
time of approximately 3998 nanoseconds. 


Byte parity on the memory to allow single bit error 
detection with up to eight memory cycle retries before 
the error is fatal. 


1.3.4 I/O Subsystem Features 


ce) 


Intelligent serial I/O controller which supports up to eight 
asynchronous serial channels allowing serial I/O to take 
place without CPU intervention. 


ACS68088 supports two intelligent serial I/O controllers 
supporting a total of sixteen serial channels. 


1.3.5 Intelligent Hard Disk/Tape Controller Subsystem Features 


ce] 


Intelligent rigid disk controller for up to two drives of 
the eight-inch Winchester-type rigid, fixed disk technology. 


Intelligent magnetic tape controller for 1/4" cartridge-type 
magnetic tape transports. 
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1.4 SUPPORTING DOCUMENTATION 

The ACS68898 Computer System is supported by a family of Altos 
manuals and vendor manuals. Supporting documentation is listed 
below: 

ACS68888 Computer System User Manual, 6998-12799 

ACS68686 Computer System Field Service Manual, 69909-12804 

ACS68888 Computer System Maintenance Manual, 699-12863 


ACS68868 Computer System Altos Operating System (UNIX) User 
Manual, 69898-12592 


RM/COS User Guide, Ryan-McFarland Corporation 


RM/COS Operators Guide for Altos ACS68888 Computers, Ryan- 
McFarland Corporation 


ACS68888 Computer System Altos Diagnostic Executive, 6908-12802 
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CHAPTER 2: 


SYSTEM CONFIGURATION 


2.1 SYSTEM CONFIGURATIONS 


The ACS68988 Computer System is packaged in one or more desktop 
enclosures that may optionally be rack mounted. The main package 
contains the CPU with up to one megabyte of RAM, up to sixteen 
serial channels, all peripheral controllers, power supplies and 
expansion interfaces, a floppy disk drive, and a rigid disk 
drive. Additional enclosures containing power supplies and up to 
two additional peripherals (Table 2-1) can be added to assemble a 
wide variety of system configurations (Table 2-2). 


Table 2-1. Supported Peripherals 


fe) One or two 2@~-Megabyte or 49-Megabyte Winchester-type rigid 
disk drives. 


fe) An eight-inch flexible disk drive (512K byte single sided). 
° A cartridge-type magnetic tape transport (fourteen megabytes 


on an American National Standards Institute X3.55-1977, 
9.258 inch magnetic tape cartridge). 
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Table 2-2. Standard Configurations 


fo) Main enclosure -- 48-Megabyte rigid disk drive and eight- 
inch flexible disk drive. 

fo) Main enclosure -- 28-Megabyte rigid disk drive and eight- 
inch flexible disk drive. 

fe) Peripheral enclosure ~- 28 or 4@-Megabyte rigid disk drive. 

fe) Peripheral enclosure -- A cartridge type magnetic tape 


transport (fourteen megabytes on an American National Stan- 
dards Institute X3.55-1977, 9.258 inch magnetic tape car- 
tridge). 


2.2 SYSTEM SPECIFICATIONS 
The electrical and environmental requirements of the ACS680908 


main chasss and peripheral chassis are listed in Tables 2-3 and 
2-4. 
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2.3 DISK DRIVE SPECIFICATIONS 
| Tables 2-5 and 2-6 provides specifications for the hard disk 
drive and the flexible disk drive, respectively. 


Table 2-3. ACS68888 Main Chassis Specifications 


Sizes: 
19-inch wide, 23-inch deep, 7~-inch high 


Weight: 
6@ pounds free standing 
88 pounds shipping 


Power Dissipation: 
358 Watts 
1,024 BTU/hour 


Maximum Input Power: 
4 A at 115 VAC, 60Hz 


Maximum AC Inrush Current: 
8.5 A at 115 VAC, 68 Hz (3 seconds) 


> Ambient Temperature Range: 
58 to 99 degrees F (18 to 32 degrees C) 


Relative Humidity: 
28% to 88% non-condensing 


Front Panel Controls: 
Ac on/off illuminated rocker switch 
Reset pushbutton switch 


Rear panel connections: 
AC power (cord set) 
AC fuseholder 
Parallel printer connector (DB37) 
Multibus interface connectors (two DB59) 
Floppy disk expansion connector (DB5Q) 
Hard disk expansion connectors (DB59 and DB25) 
Magnetic tape expansion connector (DB59) 
18 RS~232C connectors (DB25) 
Altos Net connector (DB15) 
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Table 2-4. ACS68888 Peripheral Chassis Specifications 
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Size: 
19-inch wide, 23-inch deep, 7-inch high 


Weight: 
55 pounds free standing 
75 pounds shipping weight 


Power Dissipation: 
275 Watts 
940 BTU/hour 


Maximum Input Power: 
3 A at 115 VAC, 69 Hz 


Maximum AC Inrush Current: 
6 A at 115 VAC, 68 Hz (3 seconds) 


Ambient Temperature Range: 
5®@ to 98 degrees F 
18 to 32 degrees C 


Relative Humidity: 
28% to 88% non-condensing 


Front Panel Controls: 
AC on/off illuminated rocker switch 


Rear Panel Connectors: 
AC power (cord set) 
Fuseholder 
Peripheral connectors(depends on peripherals installed) 


Table 2-5. Hard Disk Drive Specifications 


Nominal track capacity: 19416 bytes 
Min track capacity (-3% speed): 19183 bytes 
Formatted capacity (at 512 bytes): 
Q2828 16,777,216 bytes 
Q2048 33,554,432 bytes 
Transfer rate: 238 nanosec/bit 


1.84 microsec/byte 


Access time: 


Track to track: 15 ms 

Average: 65 ms 

Maximum: 105 ms 
Average latency 19 ms 


Disk Data Format: 


No of bytes | Character 
eee eee ee ew eee | a ca sae ce ce ae Oe es cee ee ae oe ee ee ee ee ee ee se 
- (Start at Index Pulse) 
16 | "4E" 
ee ee a ees | ee ee ee re ee ee ee wee ewe ew we | 
14 | "99" Written out 16 times | 
1 | "Al*" for 512 byte sectors | 
1 | "FE" during format | 
1 | cylinder byte | 
i | head byte | 
i | sector byte | 
2 | CRC bytes | 
19 | "99" 
~--------- | ----------------------------------| | 
14 | "99" Written out during | { 
z | "Al*" a write operation | | 
1 | "Fg" | | 
512 | (Data) | | 
2 | CRC bytes | | 
3 | "99" | | 
ee aaa SS eae ee | | 
66 | "4E" | 
Se ee [Sa Se ee ea a ee eee | 
(as req'd.) | "4E" 
(Stop at Index Pulse) 
o-~ 
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Table 2-6. Flexible Disk Drive Specifications 


Nominal track capacity: 83.3 Kilobits 

Number of tracks: 77 

Transfer rate: 259-5098 kilobits/ 
second 


Access time: 


Track to track: 8 ms 

Average: 268 ms 

Settling time: 8 ms 
Head load time: 35 ms 
Average latency: 83 ms 
Rotational speed: 368 rpm 
Recording density (inside track): 6408 bpi 
Flux density: 6408 fci 
Track density: 48 tpi 
Encoding method: FM/MFM 
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CHAPTER 3: 


SOFTWARE FUNCTIONAL DESCRIPTION 


3.1 INTRODUCTION 


This chapter covers five basic software areas: operating 
systems, high level languages, communications, utilities, and 
diagnostics. 


The ACS68088 supports two operating systems and a variety of 
languages. Altos provides utilities and diagnostics to allow the 
user to perform all necessary tests, and collects information 
from vendors as to the availability of various applications 
programs, 


Information in this section pertains to software provided by 
Altos or by vendors working with Altos. Other software written 
for the 68008 microprocessor may be available for use on the 
ACS68888 computer system. Consult your software vendor for in- 
formation on software systems and languages not covered here. 


3.2 OPERATING SYSTEMS 


Detailed information for each operating system discussed in this 
section is contained in an operating system user manual. One or 
more manuals covering the operating system purchased is provided 
with the software. 


Each operating system manual provides specific step-by-step in- 
stallation procedures for the operating system and an introduc— 
tion to the supporting manuals and other publications related to 
the operating system. Each operating system has a specific 
loading procedure and operating characteristics. 


3.2.1 Altos Operating System 


Altos Operating System (AOS) is a multi-user operating system 
based on the UNIX operating system, System III, developed and 
under license from Bell Laboratories. Altos Operating System is 
the Altos implementation of UNIX for the ACS68899 and supports a 
large number of applications such as office automation, data base 
management, and communications. 


Altos Operating System supports program development and software 
applications with features such as a hierarchical file system, 
compatibility between files, devices, and interprocess I/0; asyn- 
chronous processing, a command language interpreter, a large 
number of subsystems and utilities, and compatibility with a 
large number of high level languages. Altos Operating system 
supports UNET, a communications facility based on ETHERNET or 
Altos Net. 


Detailed installation information for AOS is contained in the 
Altos Operating System User Manual. 


3.2.2 COBOL Operating System RM/COS 


COBOL Operating System (RM/COS) is a business oriented operating 
system developed for the 68908 microprocessor by Ryan-McFarland 
Corporation. RM/COS provides multiuser and multitasking capabi- 
lities and requires less than 5@Kilobytes of memory. The opera- 
ting system and runtime support are geared specifically for 
RM/COBOL application programs. Application program development 
is supported with the inclusion of two text editors and a COBOL 
compiler in the system. In addition, RM/COS software provides 
the typical commercial program support and utilities available on 
most minicomputer systems, such as record level locking, file 
data integrity across power failures, automatic data file com- 
pression, sort/merge, and a 3788 communications option. 


Detailed installation information for COS68008 and the hardware 

"combination lock" is contained in the RM/COS Operator Guide for 
Altos ACS6888 Computers, Ryan-McFarland CORP Orn Oy 2111 North 
Mays, Round Rock, TX 78664. 
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3.3 LANGUAGES 
The ACS68899 supports a wide variety of high level languages as 
listed in Table 3-l. 


TABLE 3-1. Languages Supported 


Language Operating System 
AOS RM/COS 

BASIC C-BASIC (Digital Research) X 

BUSINESS BASIC III (SMC) X 
COBOL LEVEL II COBOL (Microfocus) x 

RM/COBOL X 
FORTRAN FORTRAN 77 (Silicon Valley) X 
PASCAL PASCAL (Silicon Valley) Xx 
Cc UNIX C COMPILER X 
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3.4 DIAGNOSTICS 


A series of tests to insure that the ACS68@@8 hardware is in 
proper working order should be run before the operating system is 
installed. The Altos Diagnostic Executive (ADX) diskette is 
provided with the ACS68098. Each program provides prompts for 
all necessary operations. Detailed information on the ADX is 
contained in ACS689868 Computer System Altos Diagnostic Executive 
Manual. 


The ADX diskette also contains utility programs for hard disk 


formatting and bad sector identification and floppy disk 
formatting and copying. 
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3.5 DEBUG MONITOR 


A debug monitor program is located in ROM in the ACS68898 CPU 
board. The debug monitor is used to debug operating system 
programs and to boot hard disk and floppy diskette programs. The 
debug monitor instructions are contained in an appendix of the 
ACS68868 Computer System User's Manual. 


CHAPTER 4: 


HARDWARE FUNCTIONAL SPECIFICATION 


4.1 INTRODUCTION 


The ACS68898 is a sixteen-bit general purpose computer system 
with up to one megabyte of memory (up to 16 megabytes total 
memory may be added). The heart of the system is a single 
printed circuit board which contains all of the resources 
necessary to support a multi-user, multi-tasking operating 
system. Many peripheral interfaces are supported on the main 
board, while others are configured on separate boards which then 
interface to the main board. The architectural block diagram of 
the system is shown in Figure 4-1, 


4.1.1 Central Processing Unit (CPU) 


The Central Processing Unit (CPU) of the ACS68009 is the Motorola 
MC68099 microprocessor. The 68999 is a thirty-two bit general 
purpose microprocessor with a sixteen-bit external data bus and a 
twenty-four bit external address bus. It has eight 32-bit data 
registers and eight 32-bit address registers. The CPU runs at 
eight megahertz, 


The Memory Management portion of the CPU consists of one or four 
Memory Management Units (MMU). Each MMU contains thirty-two 
segment descriptors with the size of each segment being from 256 
bytes to sixteen megabytes. The MMU supports address transla- 
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tion, write protection, and access protection. With the func- 
tionality described above, it is possible to implement either 
paging or segmentation algorithms for memory management. The MMU 
is designed specifically for the Binary Buddy System of memory 
management as described in Knuth's The Art of Computer Progran- 
ming (volume 1) Fundamental Algorithms. Although other algo- 
rithms may be implemented, the most efficient usage of the MMU as 
implemented will probably be achieved by the Buddy System. Other 
features of the MMU include status bits describing a segment with 
respect to virtual memory. The two status bits implemented tell 
if a segment has been used since initialization and if a segment 
has been modified since initialization. These two bits allow 
such memory management algorithms as least-recently-used (LRU) 
replacement. 


The ACS68880 CPU section contains eight kilobytes of PROM and 
four kilobytes of static RAM for minimal system configuration. 
The EPROM contains the bootstrap code, power-on diagnostics, and 
a debug monitor. The PROM is currently implemented with two 4K x 
8 ROMS. The RAM is used for data storage for the programs in 
PROM as well as the system stack, and is implemented with two-2K 
x 8 static RAMs. The RAM/PROM is not accessible via the Multi- 
bus, and is therefore accessible only to the 68888 (no DMA is 
possible). 


To support a minimal system configuration, the CPU section 
contains various peripheral interfaces. Two serial interface 
channels are implemented using a Multi-Protocol Communication 
Controller. Both of these serial channels have standard EIA RS- 
232C interfaces. The two channels are intended to be used as a 
system console and a download port for system diagnostics, though 
they are by no means restricted to usage as such. Also, a System 
Timing Controller is included to allow various timing functions 
to be implemented. Two of the five timers available may be 
dedicated to baud rate generation for the two serial interfaces 
described above. The STC can operate in a time-of-day mode to 
minimize operating system overhead for keeping track of date and 
time information. A Centronics parallel printer interface is 
included in the minimal system configuration. This interface is 
implemented with a Programmable Parallel Intertace chip. 


A programmable parallel interface (PPI) is used to control and 
read a combination lock device which consists of a programmed 
array logic circuit (PAL). The combination lock provides a 
method for a software vendor or an OEM to create software lockout 
with a programmable device which may not be easily duplicated. 


4.1.2 System Memory 


The ACS68808 main memory consists of 512 kilobytes of random 
access memory (RAM). This memory is implemented with industry 
standard 64K dynamic RAMs. An Expansion Memory Board is avail- 
able which contains an additional 512 kilobytes of RAM, allowing 
one megabyte of main memory in the CPU enclosure. The memory is 
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ed 


configured as 256K by 16 bits wide (512k bytes) with two addi- 
tional bits for byte parity. The memory may be accessed in either 
byte mode or word mode. 


4.1.3 DMA Section 


The DMA section (Figure 4-4) of the ACS6890@ contains the inter- 
face logic for two DMA driven interfaces. The two interfaces 
implemented include interfaces to a flexible disk (floppy) 
controller and an eight hundred kilobaud RS-422 local network 
interface (Altos Net). The DMA section includes a DMA controller 
which is capable ot generating a twenty-four bit address to 
access the full sixteen megabyte address space. 


DMA CONTROLLER: The DMA controller contains four independent DMA 
channels. This device only supports a sixteen bit address bus, 
so its address space is expanded with a pair of four bit coun- 
ters. This allows access to the full sixteen megabyte address 
space with no page boundary restrictions. Since only one pair of 
counters are used, multiple DMA channels may not be used simul- 
taneously. Due to the fact that the 68000 and the Multibus 
address bytes within a word differently, provision has been made 
to allow the DMA section to swap bytes within a word to accomo- 
date either addressing scheme. 


FLOPPY DISK CONTROLLER: The flexible diskette controller is 
implemented with a large scale integrated device and supports one 
eight-inch flexible diskette drive operating in either single 
Gensity (FM) or double density (MFM) recording mode. 


NETWORK INTERFACE CONTROLLER: The network interface is an 809 
kilobaud serial interface with EIA RS-422 drivers and receivers. 
The serial controller is implemented with a Multi-Protocol Serial 
Controller (MPSC) which supports a modified SDLC protocol. 


4.1.4 Intelligent Disk/Tape Controller 


HARD DISK CONTROLLER: The ACS680008 system provides high speed 
mass storage through a Multibus interface to an intelligent rigid 
disk and tape unit controller board. An 8/16 Bit I/O Processor 
with 16 kilobytes of local memory operates in the remote mode to 
provide high speed disk/tape transfers. One channel is used for 
hard disk operations, the second channel is used for tape opera- 
tions. The controller board provides a controller for eight- 
inch Winchester-type rigid disks with a Shugart SA1808 compatible 
interface. The controller supports up to two drives giving mass 
storage capability of from 28 megabytes to 8@ megabytes. A block 
diagram is shown in Figure 4-5. 
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Magnetic Tape Controller: A magnetic tape drive controller which 
is capable of controlling up to eight Data Electronics Incor- 
porated (DEI) Funnel or equivalent tape transports allows 
cartridge tape backup of the rigid disk. This tape drive also 
may be used for program transport and file backup because the 
drive operates in blocked (stop/start) mode. The tape transport 
must have the codec and controller options installed to function 
with this controller. The tape used is an American National 
Standards Institute X3.55-1977, 6.258 inch magnetic tape 
Cartridge which is available from various vendors. This tape 
system provides complete archival backup capability for the rigid 
disks on the system. 


4.1.5 Intelligent Serial I/O Controller 


The ACS68090 system provides eighteen serial channels. Two chan- 
nels are contained on the main CPU board. The other sixteen 
serial channels are contained on one or two Intelligent Serial 
I/O Controller boards (Figure 4-6). All serial channels on the 
CPU board are supported with fully vectored interrupts. 


4.1.6 Multibus Expansion 


The ACS68000 system provides rear panel connectors that permit 
connection to an additional enclosure containing a standard 
-Multibus card cage. This expansion capability allows system 
users to add custom interfaces to the system. The interface 
supports both eight bit and sixteen bit bus masters using the 
Serial priority resolution (daisy chain) technique for resolving 
the priority of bus requests. The Signals in the interface meet 
the electrical and driver-receiver requirements of the Multibus 
Specification published by Intel. 
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4.2 CPU 


The Central Processor is a 68@90L8 microprocessor. The 68000 is 
a thirty-two bit processor with a sixteen bit external data bus 
and a twenty-four bit external address bus. It contains eight 
general purpose data registers and seven general purpose address 
registers with a supervisor mode stack pointer and a user mode 
stack pointer. The CPU has the capability to operate in a fully 
protected mode when coupled with the Memory Management Unit. 
This allows operating systems to protect themselves from user 
programs running under them, and also allows each user of a 
multiuser system to be protected from other users on the same 
system. Any instructions which could modify the machine state 
are privileged instructions which may be executed only while in 
supervisor mode. The 68008 is capable of generating eight bit or 
sixteen bit bus cycles, and can retry bus cycles when certain 
system faults occur (e.g., memory parity error). Since the 
68808 has no provision for a separately addressed I/O space, a 
portion of the sixteen megabyte memory address space is mapped to 
the Multibus I/O space. 


4.2.1 Memory Management Unit (MMU) 


Memory management is performed by one to four Memory Management 
Units (MMU). One MMU is required with RM/COS, and four MMUs must 
be used with AOS. Each MMU consists of thirty-two segment des- 
criptors, and each segment descriptor describes a memory segment 
of variable size from 256 bytes to sixteen megabytes. The MMU 
provides address translation, access protection, and write pro- 
tection. The upper two bytes of the processor address bus (the 
logical address bus) are passed through the MMU for address 
translation while the lower address byte bypasses the MMU. The 
physical address bus is then generated from the upper two bytes 
of address out of the MMU concatenated with the lower byte of the 
processor (logical) address bus. All device addresses, including 
the MMUs, in the system are then decoded from the physical 
address bus, allowing all devices to be protected by the memory 
management hardware. 


Table 4-1. Memory Management Unit Addresses 





Memory Manager @ base address FEO@O0H 
Memory Manager 1 base address FE@@40H 
Memory Manager 2 base address FE@080H 
Memory Manager 3 base address FE@@COH 
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Memory Manager Register Offsets 
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used) 
used) 
used) 


used) 
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14 
16 
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Table 4-2. Memory Manager Register Offsets (Continued) 





Descriptor Pointer 29 
Interrupt Vector Register 2B 
Global Status Register 2D 
Local Status Register 2F 
Segment Status/Transfer oHEe Tipe: 31 


Interrupt Description Pointer (read only) 39 


Result Descriptor Pointer (read only) 3B 
Direct Translation (read only) 3D 
Load Descriptor (read only) 3F 





4.2.2 Memory Map Logic 


The memory map decoder of the ACS68808 is implemented with two 
bipolar PROMs. The upper byte of the physical address bus is 
used as inputs to PROM 11K while the middle byte of the physical 
address bus is input to PROM llJ. 


4.2.3 Bootstrap ROM, CPU RAM 


The MC68808 CPU is furnished with eight kilobytes of EPROM. The 
EPROM contains the power-on diagnostics, debug monitor, peri- 
pheral primitive drivers, and the bootstrap code. EPROM addres- 
ses are from FEE@9® to FEFFFF. Two 4K x 8 EPROMS are currently 
used, on-board jumpers are available to allow use of alternate 
EPROMS (Table 4-3). Additional information about the monitor is 
contained in Appendix D. Four kilobytes of static RAM is avail- 
able in two 2K x 8 ICs. The RAM is used for the CPU stack and for 
data storage programs in EPROM. RAM addresses are from 8 to 1909 
(Figure 4-7). Both EPROM and RAM are accessible via the local 
data bus and can not be accessed from the Multibus or DMA. On- 
board jumpers are available to allow use of alternate static RAM 
circuits (Table 4-3). 
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ADDRESS RANGE 
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Figure 4-7. ACS68899 Memory Map 
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Table 4-3. PROM, ROM, RAM Circuit Jumper Connections 


Type 2716: jumper pins 5-6, 9-19, 17-18, 21-22 
Type 2732: jumper pins 5-6, 9-18, 17-18, 21-22 
Type 2764: jumper pins 1-2, 5-6, 9-18, 13-14, 21-22 
Type 2516: jumper pins 5-6, 9-19, 17-18, 21-22 
Type 2532: jumper pins 7-8, 9-18, 17-18, 21-22 
Type 2564: jumper pins 3-4, 7-8, 9-19, 17-18, 21-22 
Type 68764: jumper pins 7-8, 9-19, 15-16, 21-22 
Type 4118: jumper pins 5-6, 11-12, 19-20, 23-24 
Type 6116: jumper pins 5-6, 9-19, 19-208, 23-24 





4.2.4 Universal Interrupt Controller(s) 


Four universal interrupt controllers are cascaded to support the 
CPU. Address and priority assignments for the controller are 
shown in table 4-4. 


Table 4-4. Interrupt Controller Address/Priority 
Assignments. 





Interrupt Controller 9 - Local Interrupts 9F 


ADDRESS 
Command Register FE91901H 
Data Register FE9103H 


Interrupt Controller 8 Assignments 
Timer Interrupt 9 (FOUT) 


Timer Interrupt 3 (OUT3) 
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Table 4-4. Interrupt Controller Address/Priority 
Assignments (Continued) 





Console Interrupt 
Printer Interrupt 
Timer Interrupt 1 (OUT1) 
Timer Interrupt 2 (OUT2) 
Timer Interrupt 4 (OUT4) 


Timer Interrupt 5 (OUT5) 


Interrupt Controller 1 - DMA Interrupts 8F 


ADDRESS 
Command Register FE9199H 
Data Register FE919BH 


Interrupt Controller 1 Assignments 
Floppy disk end of process interrupt EOPINT1 
Network end of process interrupt EOPINT2 
Floppy disk controller interrupt uPD765) FDCINT 


(not used) 


Interrupt Controller 2 - Serial Interrupts 11F 


ADDRESS 
Command Register FE@111H 
Data Register FE@113H 


Interrupt Controller 2 Assignments 
Intelligent Serial I/O Controller 9 
Intelligent Serial I/O Controller 1 


(not used) 
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Table 4-4. Interrupt Controller Address/Priority 
Assignments (Continued) 





(not used) 
(not used) 
(not used) 
(not used) 
(not used) 


Interrupt Controller 3 -— Multibus Interrupts 14C 


ADDRESS 
Command Register FE@119H 
Data Register FE@11BH 


Interrupt Controller 3 Assignments 
Multibus interrupt @ 
Multibus interrupt 


Multibus interrupt 


WO DS Ff 


Multibus interrupt 
Multibus interrupt 4 
Multibus interrupt 5 
Multibus interrupt 6 Tape Drive Controller channel 2 


Multibus interrupt 7 Hard Disk Controller Channel 1 
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Circuit Function 


The universal interrupt controller is capable of servicing eight 
interrupts and is daisy-chained in this application to provide up 
to 32 interrupts. An overview of operation and command structure 
is given in the following paragraphs. 


The interrupt controllers detect, prioritize, and manage the 25 
vectored interrupts currently assigned. Each interrupt control- 
ler contains a response memory which will contain two bytes of 
response information for each of the eight interrupt requests. 


Interrupt Controller Register Description. Each interrupt 
controller contains nine registers. They are described below. 


Interrupt Request Register (IRR). The 8-bit IRR is used to store 
pending interrupt requests. One bit in the IRR is set whenever 
the corresponding interrupt request input is active. IRR bits 
may also be set or cleared under program control by the CPU. An 
IRR bit is automatically cleared whenever the corresponding 
interrupt request is acknowledged. All IRR bits are cleared by a 
RESET function. 


Interrupt Service Register (ISR). The 8-bit ISR is used to store 
acknowledged interrupt requests and to mask all lower priority 
requests. One bit is set whenever the corresponding interrupt 
request (8-7) has been acknowledged and the corresponding bit in 
the IRR will be cleared automatically. If an acknowledged 
interrupt is not programmed (Mode Register) to be automatically 
Cleared, the ISR bit must be cleared by the CPU under program 
control if/when it is desired to permit interrupts from lower 
priority devices. When the controller is programmed (Mode 
Register) for automatic clearing, the ISR bit is automatically 
reset during the acknowledge sequence. All ISR bits are cleared 
by a RESET function. 


Interrupt Mask Register (IMR). The 8-bit IMR is used to enable 
or disable individual interrupt request inputs. IMR bits 
correspond to the individual interrupt request bits (8-7). All 
eight bits may be loaded, set, or cleared in parallel under 
program control. Individual IMR bits may be set or cleared by 
the CPU. A masked bit that is set does not disable the IRR and 
an interrupt request which arrives while the corresponding mask 
bit is set will cause an interrupt later when the mask bit is 
Cleared. Only unmasked interrupt requests can generate the 
UICINT* signal to the CPU. A RESET function will set all eight 
bits and disable all interrupt requests. 


Response Memory. Each controller contains a 32 x 8-bit (32~byte) 
response RAM which is used to store two bytes of response infor- 
mation for each of the eight interrupt request inputs. All bits 
in the response memory are programmable. The controller transfers 
the interrupt response information for the highest priority un- 
masked interrupt request from the register to the data bus when 
the IACK* input from the interrupt state machine is active. 
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Auto Clear Register (ACR). The 8-bit ACR is used to specify the 
operating mode for each of the ISR bits. When an ACR bit is set 
(ON), the corresponding ISR bit is cleared automatically at the 
end of the interrupt acknowledge sequence. When an ACR bit is 
off, the corresponding ISR bit is set when that interrupt request 
is acknowledged and must be cleared by program command. A RESET 
function clears all ACR bits. 


Status Register (SR). The 8-bit SR contains the current status 
of the controller. The SR is useful to identify the interrupting 
device when the system is operated in the polled mode. SR bit 
assignments are shown in Figure 4-7. The SR is read by executing 
a read operation (read to location X) as shown in Figure 4-8. 
Bits SR@-SR2 are set asynchronously to a status register read 
operation. The SR should be read twice and vectors compared for 
equality when operating in a polling mode. The polarity of the 
group interrupt (GINT) bit is not affected by the GINT (UICINT*) 
polarity control bit in the Mode register. 


Mode Register (MR). The 8-bit MR is used to control the 
operating mode of the controller. MR bit assignments are shown 
in Figure 4-8. Low order bits (@-4) are loaded in parallel by 
command. Bits 5, 6, and 7 are controlled by separate commands. 
The MR cannot be read directly via the data bus, bits 8, 2, and 7 
are available as part of the SR. 


Command Register (CR). The 8-bit CR is used to store the last 
command entered to the controller. The command may initiate 
internal actions or precondition the controller for subsequent 
operations. Commands are shown in Figure 4-9. The CR is loaded 
by executing a write operation (write to location X) as shown in 
Figure 4-19. 


Byte Count Register (BCR). Eight 2-bit BCRs are used to store 
the byte count for each interrupt response in the interrupt 
response memory. The controller will hold the response in pro- 
cess (RIP*) output signal low until the required number of IACK* 
pulses have been received. Higher priority interrupts cannot 
interrupt a multi-byte interrupt response if the byte count is 
correctly stored in the BCR. Byte count coding is shown in 
Figure 4-11, . 


Information Transfers, Information transfer control signal 
configurations for all transfer operations between the controller 
and the data bus are shown in Figure 4-9. The status register is 
read by setting the Al control input. Data registers are read by 
by preselecting the desired registers with mode register bits 5 
and 9 and executing a data read. The Command register is 
selected directly by the Al control input for loading. 


Programming. The interrupt controllers must be initialized by 
the CPU after reset. The master mask bit and at least one of the 
IMR bits should be enabled. The response memory must be loaded 
if vectoring is to be used or the mode must be changed to a non- 
vectored configuration. The usual first step is to modify the 
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Mode register and the Auto clear register to establish the 
desired configuration. Load the response memory and byte count 
for the request levels to be used. Enable the master mask bit 
and the appropriate portions of the IMR. 


Controller Commands. The set of commands shown in Figure 4-19 is 
used by the CPU to configure, change or inspect the internal 
condition of the interrupt controllers. An "X" entry in the 
table indicates a "don't care" state. All commands are entered 
by directly loading the command register as shown in Figure 4-9 
(Al* = 1, LIOWR* = 8). The byte count register coding assignment 
is shown in Figure 4-1l. 


4.2.5 Interrupt Logic 


Programmable array logic circuit 6J, controls the generation of 
the interrupt acknowledge (IACK*) signal to the interrupt con- 
trollers and controls of Multibus access for interrupt acknow- 
ledge cycles in bus-vectored interrupt modes. An interrupt state 
flow chart is shown in Figure 4-12, timing diagrams are shown in 
Figure 4-13. 
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CONTROL INPUT 
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Figure 4-19. Summary of Data Bus Transfers 
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Figure 4-11. Interrupt Controller Command Summary 
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ara Sri COMMAND 
DESCRIPTION 
Preselect IMR for subsequent loading 
from data bus 
Preselect Auto Clear register for sub- 
sequent loading from data bus 
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Figure 4-ll. Interrupt Controller Command Summary (Continued) 
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Figure 4-12. Byte Count Coding 
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Figure 4-13. Interrupt State Flow Chart 
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Figure 4-13. 
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Figure 4-14. Interrupt State Timing Diagram = 
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4.2.6 Parallel Printer and Other Interface Controllers 


Circuit 16D is used to provide an interface for a Centronics~type 
parallel printer and to provide a port for various control sig- 
nals. Circuit 16E is used to provide a software combination lock 
feature. An empty socket is provided at 18D to allow a user to 
insert a proprietary programmable logic array to "lock" specific 
software to the system. Controller addresses are shown in Tables 
4-5 and 4-6. 


Table 4-5. Parallel Printer Controller Addresses 





Parallel Printer Controller 16D 


Port A (Data Out) FE@131H 
Port B (Miscellaneous Control Lines) FE9133H 
Port C (Printer Status) FE9135H 
Control Port FE@137H 





Table 4-6. Combination Lock Parallel Interface Addresses 





Combination Lock and Virtual Memory Logic Parallel Interface 16E 


Port A (Combination Lock Control Lines) FE@139H 
Port B (Combination Lock Status Lines) FE@13BH 
Port C (Virtual Memory Status) FE913DH 
Control Port FEO13FH 





Circuit Descriptions 


The PQI contains three 8-bit ports, an 8-bit bidirectional data 
buffer, and a control port. The functional configuration of each 
port is determined by system software and the hardware implemen- 
tation. 


Port of circuit 16D provides an 8-bit parallel data path (PAQ@- 


PA7) to a Centronics compatible parallel printer. Port B is used 
to provide miscellaneous control signals (GATE1-5, PENABLE) to 
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CPU circuits. Port C is used for printer status and control 
signals. Circuit 16D is operated in mode 1 (strobed input/ 
output). 


Port A of circuit 18D is used to provide 8-bit parallel data 
(PAO-PA7) to a "combination lock" programmable logic array. Port 
B is used to read the lock status signals ST9-ST7. Port C is 
used for reading bus error status signals (BERRST#-BERRST3). 
Circuit 18D is operated in mode @ (basic input/output). 


Programmable Peripheral Interface 


The PPI contains three 8-bit ports, A, B, and C. Each port is 
tailored by system software. 


Port A: One 8-bit data output latch/buffer and one 8-bit 
data input latch. 


Port B: One 8<bit data input/output latch/buffer and one 8- 
bit data input buffer. 


Port C: One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). Port C is divided 
into two 4-bit ports under mode control. Each 4-bit port 
contains a 4-bit latch and can be used for the control 
signal outputs and status signal inputs for ports A and B. 


The functional configuration of each port is programmed by system 
software. A control word from the CPU is sent to the PPI. The 
control word initializes the functional configuration of the PPI. 
Each of the control blocks (Group A and Group B) accepts commands 
from the Read/Write control logic, receives control words from 
the internal data bus and issues the proper commands to the 
associated ports: 


Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port C lower (C3-C®) 
The Control Word Register can ONLY be written to. The Control 


Word Register can not be read. The mode definition control word 
format is shown in Figure 4-15. 
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CONTROL WORD (PORT FE#13F) 


Figure 4-l5a. 





Combination Lock Mode Definition Control Word 
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[GROUP B] 
Port C (lower) 

8 = Output 

1 = Input 
Port B 

8 = Output 

1 = Input 
Mode Selection 

@ = Mode @ 

1 = Mode l 
GROUP A 
Port C (upper) 

8 = Output 

1 = Input 
Port A 

8 = Output 

1 = Input 
Mode Selection 

88 Mode @ 

81 Mode 1 

1X Mode 2 


- Mode Set Flag 


1 = Active 


CONTROL WORD (PORT FE8#137) 


D7 | D6 | D5 | D4 | D3 | D2 | D1 {| DS 


| {GROUP B] 
Port C (lower) 
8 Output 
A Input 
Port B 
8 = Output 
1 = Input 
Mode Selection 


@ = Mode @ 
= Mode l 


"ow 


GROUP A 


Port C (upper) 
8 = Output 
1 = Input 


A 
Output 
Input 
Mode Selection 
08 Mode @ 
81 Mode 1 
1X Mode 2 


Mode Set Flag 
l = Active 


Figure 4~-15b. Parallel Printer Mode Definition Control Word 
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4.2.7 System Serial Interface Controller 


A Multi-Protocol Serial Controller is used to provide two RS-232C 
serial interfaces for the system console and the system download 
(printer) port. The serial controller is shown in dwg. 625- 
11251-9801, sheet 7, circuit 11D. Controller addresses are shown 
in Table 4-7. 


Table 4-7. System Serial Interface Controller Addresses 





Console and Serial Printer Controller 


Console Command Register FE@121H 
Console Data Register FE9123H 
Printer Command Register FE9125H 
Printer Data Register FE9127H 





Circuit Description. The Multi-Protocol Serial Controller (MPSC) 
11D contains two independent serial receiver and transmitter RS- 
232C channels. Channel A is used for the system console (termi- 
nal) and Channel B is used for system download and a diagnostics 
printer. Both channels are operated in asynchronous mode. Both 
channels are initialized by system firmware to the following 
parameters: 


9698 baud 

8 bits/character 
No parity 

One stop bit 


Interrupt enabled 


4.2.8 System Timing Controller 


System timing is provided by a System Timing Controller (STC) 
shown on dwg. 625-11251-981, sheet 7, The system timing control- 
ler includes five timers and time of day counting for system 
Management. System timing controller addresses are shown in 
Table 4-8. 
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Table 4-8. System Timing Controller Addresses 





System Timing Controller 
Command Register FE9129H 


Data Register FE@12BH 





Circuit Description. The STC contains five general-purpose 16- 
bit counters. The CPU clock is provided at the SOURCE 1 STC 
input, 4 mHz is provided at the X2 input. The STC is addressed 
by the system at the control port and data port (Table 4-8). The 
control port provides direct access to the Status and Command 
registers and allows updating the Data Pointer register. The 
data port is used to communicate with all other addressable 
internal locations in the STC. The Data Pointer Register 
determines which register will be addressed. A Master Mode 
register and five Counter Mode registers provide control over the 
counter operation. STC operation may be modified by software 
control via the Local Data bus LD#@-LD7. Data bus transfers are 
summarized in Figure 4-16. 
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CONTROL INPUT 
DATA BUS 


OPERATION 


Transfer contents of register ad- 
dressed by Data Pointer to data bus 


Transfer contents of data bus to 
register addressed by Data Pointer 


Transfer contents of status 
register to data bus 


Transfer contents of data bus to 
command register 
No transfer 


No transfer 


Illegal condition 





Figure 4-16. Summary of Data Bus Transfers 
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STC Command Register. The 8-bit Command register is a write-only 
register loaded by writing into the control port. The Command 
register provides direct control over the five counters and 
controls access through the data port by allowing the user to 
update the Data Pointer register. A summary of commands is shown 


in Figure 4-17. 
‘Command Description 
‘Load Data Pointer register with contents of E and G fields. 
(G # 000, G # 110) H 


Winsett of eaeseanes 
[Disarm and Save al sencedeountes Cid 
[Save al seated counters no regio = 
[set mia (sable Data Pores Sequsnong) | 
[seammiaiGawonroun Cid 
[sera tener 16otous meds) id 
[—Giear mine (Enabie Data Porter Sequenongy) | 





















gi 
N 
| 





= 





Figure 4-17. STC Command Summary 


Master Mode Register. The 16-bit Master Mode (MM) register is 
used to control STC activities not controlled by the Counter Mode 
registers. Frequency control, time-of-day operation, comparator 
controls, data bus width, and data pointer sequencing are 
controlled by the MM register. Bit assignments for the MM 
register are shown in Figure 4-18. 
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FOUT Divider FOUT Source 


0000 = Divide by 16 ; 0000 = F1 
‘0001 = Divide by 1 0001 = SRC 1 
0010 = Divide by 2 0010 = SRC 2 
0011 = Divide by 3 : 0011 = SRC 3 
0100 = Divide by 4 : 0100 = SRC 4 
0101 = Divide by 5 0101 = SRC 5 
0110 = Divide by 6 0110 = GATE 1 
0111 = Divide by 7 0111 = GATE 2 
1000 = Divide by 8 ‘1000 = GATE 3 
1001 = Divide by 9 1001 = GATE 4 
1010 = Divide by 10 ; 1010 = GATE 5 
1011 = Divide by 11 : 1011 = F1 
1100 = Divide by 12 1100 = F2 
1101 = Divide by 13 _ 1101 = F3 
1110 = Divide by 14 : 1110 = F4 
1111 = Divide by 15 1111 = F5 


L FOUT Gate Compare 2 Enable — 
0 = FOUT On , 0 = Disabled 
1 = FOUT Off (Low Z to GND) 1 = Enabled 


Data Bus Width Compare 1 Enable 
0 = 8-Bit Bus 0 = Disabled 
1 =16-Bit Bus 1 = Enabled 
Data Pointer Control Time-of-Day Mode 
0 = Enable Increment 00 = TOD Disabled 
1 = Disable Increment 01 TOD Enabled; + 5 Input 
Scaler Control 10 = TOD Enabled: + 6 Input 
O= Binary Division 11 = TOD Enabled; + 10 Input 
1 = BCD Division : 





Pigure 4-18. STC Master Mode Register Bit Assignments 
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A 16-bit scaling counter is used to divide the output of X2 (4 
mHz) into four sub-frequencies resulting in five frequencies that 
can be routed to any of the general counters and to the FOUT 
divider. The scaling counter is tapped every four bits and is 
programmed the by MM register to divide in binary or in BCD. The 
frequencies available are shown in Figure 4-19. 





Figure 4-19. STC Internal Frequency Scaler 


Bits MM@ and MM1 of the MM register select the various time-of- 
day (TOD) options. When MM@ = 9 and MM1 = @ the logic for TODis 
disabled and counters 1 and 2 will operate in the same manner as 
counters 3, 4, and 5. When MM@ =1 or MM1 =1 additional counter 
decoding and control logic is enabled on counters 1 and 2 to 
generate 24-hour TOD accumulations. 


Counter 1 and 2 configurations for TOD operation are shown in 
Figure 4-28. The least significant decade of counter 1 can 
divide by five, six, or ten to scale the input frequency to 
tenth-second periods resulting in 58 Hz, 6@ Hz, or 100 Hz input 
frequencies for real-time clocking. The input of counter 2 is 
the TC output of counter 1 for TOD operation. Both counters 
should be set up for BCD counting and no gating. The Load 
registers should be used to initialize the TOD clock to the 
proper time. 
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C15 C12 C8 C4 co 


Ne SS” 
Hours Minutes 


C15 C12 C8 C4 co 


ee eee 
Seconds 1/10 Sec. + 5,6,0r 10 





MOS- 182 


Figure 4-28. STC Time-Of-Day Counter Storage Configuration 


Time Of Day STC Initialization Procedure. Counters 1 and 2 
should be initialized for TOD using the general steps listed 
below: 


l. 


2. 


Set TOD enabled in the MM register and load Counter Mode 
registers 1 and 2, 


Load 9889 in Load registers l and 2 and execute command 43 
to load the counters. Counters 1 and 2 are conditioned. 


Load the desired start time in Load registers and execute 
command 43 to load counters. 


Load 9908 in Load registers 1 and 2. 


Arm counters 1 and 2. 
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4.3 SYSTEM MEMORY 


Basic memory consists of 512 kilobytes of 64k dynamic RAM cir- 
cuits (dwg. 625-11251-981, sheet 11) configured as four banks of 
128 kilobytes by 16 bits with two parity bits for memory error 
detection. An additional 512 kilobytes of RAM may be installed 
in the CPU enclosure by using the memory expansion board, The 
memory expansion circuit board is connected to the CPU circuit 
board at connector J5 (dwg. 625-11251-801, sheet 18). 


The basic memory is accessible thru the Multibus at addresses 
1900 thru FFFFF (Figure 4-6). The memory may be addressed in 
either byte or word (16 bits) mode. Parity error detection is 
providede on the CPU board. Refresh timing is generated indepen- 
dently of the CPU, memory control circuitry arbitrates between 
memory access requests and refresh cycles. Wait states are 
generated when the refresh cycle has control of the memory. 
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4.4 DIRECT MEMORY ACCESS (DMA) SECTION 


The DMA section of the CPU circuit board consists of a multimode 
DMA controller 6L with four DMA channels. The two interfaces 
currently implemented are floppy disk and Altos Net. The DMA 
controller address space is expanded to 16 megabytes by the 
addition of four bit counters 5P and 6P. One set of counters is 
used, thus DMA transfers must proceed one channel at atime. A 
block diagram of the DMA section is shown in Figure 4-4, 


4.4.1 Multimode Direct Memory Accesss (DMA) Controller 


The DMA controller is used to support four peripheral device 
channels and allow direct information transfer to or from system 
memory. Each channel is independently programmed by system 
software. The DMA controller addresses and assignments are shown 
in Table 4-9, 
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Table 4-9. DMA Section Addresses 


Multimode DMA Controller 


Channel 8 address register 

Channel 8 word count register 
Channel floppy disk address register 
Channel floppy disk word count register 


network word count register 


ai 
1 

Channel 2 network address register 
Channel 2 
3 


Channel address register 

Channel 3 word count register 
Command/Status register 

Request register (write only) 

Mask single bit register (write only) 
Mode register (write only) 

Clear byte pointer flip/flop (write only) 
Temporary data register (read only) 
Master clear command (write only) 


Write all mask bits (write only) 


Miscellaneous DMA control ports 


Program Reset of DMA Section (write only) 
Byte Swap Register (write only) 

DMA high address byte counter (write only) 
Memory Error status latch (read only) 
Clear Memory error status (read only) 


Terminate DMA in progress (read only) 
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FFFFC1H 
FFFFC@H 
FFFFC3H 
FFFFC2H 
FFFFC5H 
FFFFC4H 
FFFFC7H 
FFFFC6H 
FPFFFC9H 
FFFFC8H 
FFFFCBH 
FFF FCAH 
FFFFCDH 
FPFFCCH 
FFFFCFH 


FPFFFCEH 


FFFFE1H 
PFFFE@H 
FFFFE3H 
FFFFE5H 
FFFFE4H 


FFFFE7H 





Table 4-9. DMA Section Addresses (Continued) 





Network Interface SIO (channel A) 
Command Port FFFFD4H 


Data Port FFFFD5H 


Floppy Disk Controller 
Main Status register (read only) FFFFDDH 


Data register FFFFDCH 





Circuit Description 


The DMA controller is implemented with external address counters 
5P and 6P which allow accessing the full 16 megabyte memory 
address range and allow crossing 64 kilobyte boundaries. Flip- 
flop 2N is used to allow byte swapping on the multibus to accomo- 
date the addressing protocol of the MC68#98 CPU. 


DMA Controller Transfer Modes 


The DMA controller can operate in three basic transfer modes 
under program control. Each channel can be individually program- 
med to automatically initialize to its original condition 
following an End Of Process (EOP). An external EOP* signal can 
terminate a DMA transfer during block search, compare, or 
erroneous DMA operations. Transfer modes are: 


Single Transfer. The DMA controller will make a one-byte trans- 
fer during each DREQ/DACK handshake. When DREQ goes active HREQ 
will go active. When HACK becomes active a one-byte transfer 
will occur. HREQ will go inactive following the transfer, the 
word count will be decremented and the address will be incre- 
mented. A Terminal Count (TC) at word count zero will cause an 
Autoinitialize if the channel has been programmed for autoini- 
tialization. 


Block Transfer. The DMA controller will continue making trans- 
fers in block transfer mode until a TC or EOP occurs. DREQ need 
be held active only until DACK is active. An autoinitialize will 
occur at the end of service if the channel has been programmed 
for it. 


Demand Transfer. The DMA controller will continue making trans- 
fers in demand transfer mode until DREQ is inactive or until a TC 
or EOP occurs, The peripheral device requesting service may 
discontinue transfers by setting DREQ inactive. Service may be 
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resumed by asserting active DREQ again. The intermediate values 
of address and word count may be read from the DMA controller 
Current Address and Current Word Count registers during the time 
between service. An automatically initialize will occur only 
following a TC or EOP if the channel has been programmed for it. 


DMA Controller Transfer Types 

Each of the transfer modes can perform three types of transfers: 

Write Transfer. A write transfer moves data from a peripheral 
device to memory by activating IOR* (I/O Read) and MEMW* (Memory 
Write). 

Read Transfer. Read transfers move data from memory to a 
peripheral device by activating MEMR* (Memory Read) and IOW* (I/O 
Write). 

DMA Controller Registers 

The DMA controller contains 27 internal registers. The operation 


of the registers is described in the following paragraphs. 
Register and function addressing is shown in Figure 4-21. 





















2 
= 
° 
® 
2 
a 
3 
— 


Read Status Register 

Write Command Register 
Write Request Register 
Write Single Mask Register Bit 
Write Mode Register 

Illegal 

Clear Byte Pointer Flip/Flop 
Read Temporary Register 
Nlegal 

Illegal 

WWlegal 

Write All Mask Register Bits 





Figure 4-21. DMA Controller Register and Function Addressing 
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Current Address Register 


A 16-bit current address register for each channel holds the 
value of the address used during DMA transfers. The address is 
automatically incremented after each transfer and the inter- 
mediate values of the address are stored in the current address 
register during the transfer. The current address register is 
written or read by the CPU in successive 8-bit bytes, LSB first. 
The current address register may be autoinitialized to the origi- 
nal value by an EOP if the channel is so programmed. Current 
address register command codes are shown in Figure 4-22. 


Current Byte Count Register 


A 16-bit current byte count register for each channel should be 
programmed with a value of one less than the number of bytes to 
be transferred. The byte count is decremented after each trans- 
fer. The intermediate value of the byte count is stored in the 
register during the transfer. A terminal count TC is generated 
when the byte count reaches zero. The byte count register is 
loaded or read in successive 8-bit bytes, LSB first, by the CPU 
when in the Program condition. The register can be automatically 
initialized by an EOP at the end of a DMAtransfer if the channel 
is so programmed. The contents of the byte count register will 
be FFFF following an internally generated EOP for the appropriate 
channel. Current byte count register command codes are shown in 
Figure 4-22, 


Base Address and Base Byte Count Registers 


A 16-bit base address and a 16-bit base byte count register for 
each channel store the original values of the associated current 
registers. The values of the base registers are used to restore 
the current registers to the original values. The base registers 
are written simultaneously with the current registers in 8-bit 
bytes during DMA controller programming by the CPU. A write to 
the base registers when intermediate values are in the current 
registers will overwrite the intermediate value. The base regis- 
ters are write only registers. 


Command Register 


The 8-bit command register controls the operation of the DMA 
controller. The command register is programmed by the CPU in the 
program condition and is cleared by Reset. Command register bit 
functions are shown in Figure 4-23, addressing is shown in Figure 
4-21. 


Request Register 


The DMA controller can respond to requests for DMA service ini- 
tiated by software as well as by a DREQ. The 4-bit request 
register contains a request bit associated with each channel of 
the DMA controller. Request bits are non-maskable and are sub- 
ject to prioritization by the priority encoder. Software 
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CS IOR 1OW A3 A2 A1 AO Flip/Flop DBO-DB7 
1 0 


TOW 
0 
0 


2 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count 


oo o0 9080 00 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count 


Base & Current 
Address 


Current 
Address 


Base & Current 
Word Count 


Current 
Word Count 


oo o0 00 00 oo o0 00 00 oro: oO, Oo 2 Oo Eno ovo 2..CcF O.0. oO oO 





oo oo o20 00 oo oo 0. 00 82°90 oo o0c0UC~«tWlCUCUNWUCUCOlUCO oo o0 00 00 


Figure 4-22. Byte Count, Base and Current Address Register 
Command Codes Cee? 
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5 4 3 2 1 O ~—«—Bit Number 


7 6 
- VERS thns 


Figure 4-23. DMA Controller Command Register Bit Functions 


1 


EES Se 
Don’t Care 


Figure 4~24. DMA Controller Request Register Bit Assignments 


0 Memory-to-memory disable 


1 
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Memory-to-memory enable 


Channel 0 address hold disable 
Channel 0 address hold enable 
If bitO=0 


Controller enable 
Controller disable 


Normal timing 
Compressed timing 


if bitO=1 


Fixed Priority 
Rotating Priority 


Late write selection 
Extended write selection 
If bit3=1 


DREQ sense active high 
DREQ sense active low 


DACK sense active low 
DACK sense active high 





Q ~+— Bit Number 


Select channel 0 
Select channel 1 
Select channel 2 
Select channel 3 


Reset request bit 
Set request bit 


requests will be serviced only in block transfer mode. Each 
request register bit is set or reset separately under software 
control or is cleared upon generation of a TC or EOP. The entire 
register is cleared by a reset. Software must load the proper 
form of the data word to set or reset a bit. Address coding is 
shown in Figure 4-22, bit assignments are shown in Figure 4-24. 


Mode Register 


A six-bit mode register is associated with each channel of the 
controller. Bits 9 and 1 determine which channel mode register 
is to be loaded by the CPU in Program condition. Mode register 
bit assignments are shown in Figure 4-25. 


7 6 5 4 3 2 #1 =O ———Bit Number 


Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 
Verify transfer 
Write transfer 
Read transfer 
legal 

If bits6 and 7 = 11 


Autoinitialize disable 
Autoinitialize enable 


Address increment select 
Address decrement select 


Demand mode select 
Single mode select 
Block mode select 
Cascade mode select 





Figure 4-25. DMA Controller Mode Register Bit Assignments 


Status Register 


The 8-bit status register indicates which channels have reached a 
terminal count and which channels have pending DMA requests. 
Bits 0-3 are set each time a TC is reached by the associated 
channel and are cleared by Reset and each status read operation 
by the CPU. Bits 4-7 are set when the corresponding channel is 
requesting service. Status register bit assignments are shown in 
Figure 4-26, 
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— 


cn 


1 Q -«j|—Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 





Figure 4-26. DMA Controller Status Register Bit Assignments 


Mask Register 


The 4-bit mask register is used to disable DREQ from the a chan- 
nel when the associated bit is set. Each mask bit is set when 
the associated channel produces an EOP if the channel is not 
programmed for autoinitialize. Each bit may be set or cleared 
separately under software control. The entire register is set by 
a Reset, disabling all DMA requests until a clear mask register 
function occurs, Instruction addressing is shown in Figure 4-21. 


Mask register commands and bit assignments are shown in Figure 4- 
27a and 4-27b. 


Q ~—@— Bit Number 


Select channel 0 mask bit 
Select channel 1 mask bit 


Select channel 2 mask bit 
Select channel 3 mask bit 


O Clear mask bit 
Set mask bit 





Figure 4-27a. Mask Register Individual Bit Set/Reset Commands 
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QO ——Bit Number 


Clear Channel} 0 mask bit 


Don't Care Set Channel 0 mask bit 


Clear Channel 1 mask bit 


Set Channel 1 mask bit 


Clear Channel 2 mask bit 
Set Channel 2 mask bit 


Clear Channel 3 mask bit 
Set Channel 3 mask bit 





Figure 4-27b. Mask Register All Bit Set/Reset Commands 


4.4.2 Altos Net Interface 


The high speed serial network interface consists of port A of the 
Multi-Protocol Serial Controller (MPSC) circuit 6B. Balanced line 
drivers and receivers 2A and 3A allow direct interface to Altos 
Net. Serial interface addresses are shown in Table 4-9. 


Port A of the MPSC is operated in synchronous mode. The baud 
rate is set at 8@@ kilobaud by counter circuit 4B. The MPSC is 
operated via channel 2 of the DMA controller. Jumpers may be 
installed at header X3 to operate a single half-duplex line. 
Termination resistors RPl must be connected by jumpers at header 
X3 in certain modes of bussed network operation. 


4.4.3 Flexible Disk Controller Section 


The flexible disk controller consists of a Single/Double Density 
Floppy Disk Controller (FDC) circuit 6D and supporting logic. 
Data separator and phase lock loop circuitry consists of circuits 
2J, 13, 2K, and 2L. The FDC supports an eight-inch flexible 
diskette drives operating in either single density or double 
density recording mode, The FDC is operated via channel 1 of the 
DMA controller. 


FDC Circuit Description 


The FDC contains the circuitry and control functions for inter- 
facing the CPU and DMA controller to four flexible diskette 
drives. The FDC can support either IBM 3748 single density 
format (MFM) or IBM System 34 double density format (MFM) in- 
cluding double sided recording. The FDC provides handshaking 
signals to the DMA controller, all data transfers take place 
under control of the FDC and DMA controller. 
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FDC Commands 


The FDC will execute 15 separate commands. Each command consists 
of multiple 8—bit bytes which fully specify the FDC command. The 
commands are: 


Read Data Write Data 

Read ID Format a Track 

Read Deleted Data Write Deleted Data 

Read a Track Seek 

Scan Equal Recalibrate (Restore to Track 9) 


Scan High or Equal Sense Interrupt Status 
Scan Low or Equal Sense Drive Status 
Specify 


Each command is initiated by a multi-byte transfer from the CPU 
and the result after a transfer may also be a multi-byte transfer 
back to the CPU. It is convenient to consider each command as 
consisting of three phases: 


Command Phase - The FDC receives all necessary command bytes from 
the CPU. 


Execution Phase - The FDC performs the instructed operation. 


Result Phase - Status and housekeeping information is available 
to the CPU after completion of the instructed operation. 


FDC Internal Registers 


The FDC contains two registers accessible to the CPU, a Main 
Status Register and a Data Register. The 8-bit Data Register at 
location FFFFDC consists of several registers in a stack with one 
register presented to the data bus at any one time. The Data 
Register stores data, commands, parameters, and flexible diskette 
drive (FDD) information. The 8-bit Main Status Register at 
location FFFFDD is read-only and contains the status information 
of the FDC and maybe accessed at any time. The read-only Main 
Status Register is used to facilitate the transfer of data bet- 
ween the CPU and the FDC. The relationship between the 
Status/Data registers and signals RD*, WR*, and IA@ is shown in 


Figure 4-28. 
FUNCTION 
Read Main Status Register 
= 


Illegal 
Read from Data Register 


Write into Data Register 


ae ce 
el tl oe ae ae Tt 
08 | 
(ae eae a a en a ~~ 
oe 
aes ae 2 iil a 
ae eS 





Figure 4-28. FDC Register Addressing 
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FDC Main Status Register 
The FDC Main Status Register bits are defined in Figure 4-29. 


The FDC Main Status Register must be read by the CPU before each 
byte of information is written into or read from the Data Regis- 
ter during either command or result phases. Main Status Register 
bit D6 must equal 9 and bit D7 must equal 1 before each byte of 
the command word may be written into the Data Register. Many of 
the commands require multiple bytes. The Main Status Register 
must be read prior to each byte transfer. Main Status Register 
bits D6 and D7 must both equal 1 before reading each byte from 
the Data Register during the result phase. Reading the Main 
Status Register is required during command and result phases and 
is not required during the execution phase. 


The FDC contains five status registers. The Main Status Register 
may be read by the CPU at any time. The four status registers 
(STO-ST3) may be read by the CPU only during a result phase and 
only after execution of a command. Status registers ST@-ST3 bit 
descriptions are shown in Figure 4-39. 





lertNuMBER| NAME SYMBOL] DESCRIPTION 


Indicates the FDC is in the non-DMA mode. 


FDD 3 Busy 
FDC Busy 


Non-DMA mode 


This bit is set only during execution phase in 
non-DMA mode. When D8s5 goes low, execu- 
tion phase has ended. 

DBg Data Input/Output Indicates direction of data transfer hetween 
FDC and Data Register. tf DIO = “1” then 
transfer is from Data Register to the Processor, 
If DIO = “0”, then transfer is from the Proces- 
sor to Data Register. 

087 indicates Data Register is ready to send or 
receive data to or from the Processor. Both bits 
DIO and RQM should be used to perform the 
hand-shaking functions of “ready’’ and “direc- 
tion’’ to the processor. 





Request for Master 





The DIO and ROM bits in the Status Register indicate when Data is ready and in which direction 
data will be transferred on the Data Bus. The max time from the trailing edge of the last RD in the 
result phase to when DBq (FDC Busy) goes low is 12 us. 
Out FOC and Into Processor 

Data In/Out 
(B10) Out Processor and Into FOC 

Ready 
Request for Master 4 


(ROM) Not 


H Ready too ' 
' st Bead ( 
WR ae 
! ‘ { (eat) ' $ ' cies) 
Lat sjia [sf at cl{o[ ¢ [ole a] 


Notes: [A] — Data register ready to be written into by processor 


— Data register not ready to be written into by processor 
— Data register ready for next data byte to be read by the processor 


(D] — Data register not ready for next data byte to be read by processor 


Figure 4-29. FDC Main Status Register Bit Definitions 
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32 BIT . a ko ae SeeaaIFTION 
pe ae [rer 


| s—*~—~—SCSSTAXTUS REGISTEROO—i‘“C™C‘C*@d REGISTER 0 


_D7= Oand Dg=0 
Interrupt Normal Termination of Command, (NT). Com- | 
Code mand was completed and properly executed. 
D7 = Oand Dg= 1 
Abnormal! Termination of Command, (AT). 
Execution of Command was started, but was not 
successfully completed. 
D7=1andDg=0 
Invalid Command issue, (IC). Command which 
was issued was never started. 
D7= 1 and Dg=1 | 
Abnormal Termination because during command 
execution the ready signal from FDD changed 
state. 


Seek End When the FDC completes the SEEK Command, 
bicacl  abi this flag is set to 1 (high). 
If a fault Signal is received from the FDD, or if 
the Track 0 Signal fails to occur after 77 Step 
Pulses (Recalibrate Command) then this flag is 


set. 


Not Ready When the FDD is in the not-ready state and a 

read or write command is issued, this flag is set. 

If a read or write command is issued to Side 1 of 

a single sided drive, then this flag is set. 
Head This flag is used to indicate the state of the head 
Address at Interrupt. 


| Dy [Unit Select1] US1 | These flags are used to indicate a Drive Unit 
Do [Unit Select o| Uso __| Number at Interrupt 





Figure 4-38a. FDC Status Register Identification 
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Bit : Kebshietiat 
[wo Wave SBT] 


STATUS REGISTER 1 
D7 End of When the FDC tries to access a Sector beyond 
ylinder the final Sector of a Cylinder, this flag is set. 
[Os |__| ____[Notused. This bits always O flow) | 
Data Error When the FDC detects aCRC error in either the 
ID field or the data field, this flag is set. 
Over Run If the FDC is not serviced by the main-systems 
during data transfers, within a certain time 
interval, this flag is set. 


> i. ae Not used. This bit always 0 (low). 


ee During execution of READ DATA, WRITE 
Not 


DELETED DATA or SCAN Command, if the 
Writable 





















FDC cannot find the Sector specified in the IDR 
Register, this flag is set. 
During executing the READ 1D Command, if 
the FDC cannot read the ID field without an 
error, then this flag is set. 
During the execution of the READ A Cylinder 
Command, if the starting sector cannot be 

found, then this flag is set. 
During execution of WRITE DATA, WRITE 
DELETED DATA or Format A Cylinder Com- 
mand, if the FDC detects a write protect signal 
from the FDD, then this flag is set. 


If the FDC cannot detect the 1D Address Mark 
after encountering the index hole twice, then 
this flag is set. 
If the FDC cannot detect the Data Address Mark 
or Deleted Data Address Mark, this flag is set. 
Also at the same time, the MD (Missing Address 
Mark in Data Field) of Status Register 2 is set. 










































Figure 4-38b. FDC Status Register 1 Identification 
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Sa DESCRIPTION 


STATUS R EGISTER 2 


ea Not used. This bit is vallieaue 0 (low). 


Control During executing the READ DATA or SCAN 
Mark Command, if the FDC encounters a Sector which 
contains a Deleted Data Address Mark, this 
flag is set. 
DD 


hee Error in If the FDC detects a CRC error in the data field 
hee Field then this flag is set. 


Wrong WC This bit is related with the ND bit, and when the 
Cylinder contents of C on the medium is different from 


that stored in the IDR, this flag is set. 


Scan Equal During execution, the SCAN Command, if the 
condition of ‘‘equal” is satisfied, this flag is set. 
Scan Not During executing the SCAN Command, if the 
Satisfied FDC cannot find a Sector on the cylinder which 
meets the condition, then this fiag is set. 
This bit is related with the ND bit, and when the 
Cylinder content of C on the medium is different from 
that stored in the IDR and the content of C is 
FF, then this flag is set. 
Missing When data is read from the medium, if the FDC 
Address Mark cannot find a Data Address Mark or Deleted 
in Data Field Data Address Mark, then this meg is mst 





Figure 4-38c. FDC Status Register 2 Identification 
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BIT 


eas at 


STATUS REGISTER 3 
This bit is used to indicate the status of the 
Fault signal from the FDD. 
7° | owns |” _[witereuctdsiut tom aterOB 
Protected Write Protected signal from the FDD. 
i oe le This bit is used to indicate the status of the 
Ready signal from the FDD. 
fd Gana This bit is used to indicate the status of the 
Track O signal from the FDD. 
ib ad eal 
1 aM re rail 
Select signal to the FDD. 
ra 
td 





DESCRIPTION 















This bit is used to indicate the status of the 
Two Side signal from the FDD. 
Unit Select 1 This bit is used to indicate the status of the Unit 


Select 1 signal to the FOD. 
Unit Select 0 This bit is used to indicate the status of the Unit 
Select 0 signal to the FDD. 





Figure 4-36d. FDC Status Register 3 Identification 


4-56 


FDC Data Register 


The FDC instruction set and command symbol descriptions are shown 
in Figures 4-31 and 4-32. 


The FDC data register is a stack of registers which are loaded 
with the multi-byte command data. The bytes of data sent to the 
FDC to form a command, and which are read from the FDC during the 
result phase, must occur in the order shown in the command table 
of Figure 4-31. The command code must be sent first and the 
remaining bytes sent in the prescribed sequence. Shortening the 
command phase or result phase is not allowed. The execution 
phase automatically starts after the last byte of the command has 
been sent. The command is automatically ended and the FDC is 
ready for a new command when the last byte of data has been read 
during the result phase. A command may be prematurely ended by 
sending a TC (terminal count from the DMA controller) to the FDC. 


In DMA mode, no interrupts are generated during the execution 
phase while the FDC is being controlled by the DMA controller. 
The FDC will generate a DRQ = 1 (DMA request) when each byte of 
data is available. The DMA controller responds with a DACK = § 
and a RD = 9. The DRQ is reset (DRQ = 8) when DACK = 8 A WR 
will appear if a write command has been programmed instead of a 
read command. An interrupt (INT = 1) will occur when the 
execution phase has been completed (TC has occurred). The 
interrupt signals the start of the result phase. When the first 
byte of data is read during the result phase, the interrupt is 
automatically reset (INT = 9). 


All bytes shown in the command table must be read during the 
result phase. For instance, all seven bytes of the Read Data 
command must be read during the result phase to successfully 
terminate the Read Data command. The FDC will not accept a new 
command until all seven bytes have been read. Other commands may 
require fewer bytes to be read during the result phase. 


FDC Drive Polling 


The FDC Unit Select lines US® and US1 will automatically go into 
a polling mode after the specify command has been sent to the 
FDC. The FDC polls all four drives between commands and between 
pulses in the SEEK command to determine a change of status of the 
READY lines, The FDC will generate an interrupt if any of the 
READY lines change state. A not ready state will be indicated by 
the main status register ST® when a Sense Interrupt Status com- 
mand is issued. Polling occurs continuously between instruc- 
tions, notifying the CPU and the DMA controller which drives are 
on line or off line. 
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DATA BUS 


! OATA BUS ‘ 
Oy Dg Ds Da D3 D2 Dy Do Dy Dg Ds Dg Dz Dz Dy Of 


READ DATA READ A TRACK 


Command 


SESESEEEE FE 


Execution 


Result 


MT MF SK 0 1 
x xX XK X 


Cc 
H 
R 
N 
EoT 


ee 
OTL 


SETPSESEE BE 


Execution 


Reault 


SESEESE SE 


Execution 


Result 


DODUOMDVUVD 


xX HO US? 


oO 
uso 


Sector [D information prior 
to Command execution 


Data-transfer between the 
FDD and main-system 


Status informetion after 
Command execution 


Sector 1D information after 
Commend execution 


Commend Codes 


Sector ID information prior 
to Command execution 


Data-transter between the 
FDO and mein-system 


Status information after 
Commend execution 


Sector ID informetion strer 
Command execution 


Sector iD information prior 
te Commend execution 


Date-transfer between the 
mein-system and FOD 


Status information after 
Commend execution 


Sector ID information after 
Commend execution 


Sector ID information priot 
to Commend execution 


Date-transfer between the 
FOO and mein-syttem 


Status informetion after 
Commend execution 


Sector 1D information after 
Command execution 


Note: (0) Symbols used in this table are described at the end of this section. 


Execution 


Execution 


Execution 


Result 


SPESEELESEE SE 


BwuwmpmzawayI 


w 
Ww 
w 
Ww 
w 
Ww 


SESESEEEE FE 


Oo MF O O 


x 


x 


x Xx 


x 


1 
x HD US! 


c 
H 
R 
N 
EOT 


GPL: 
OTL: 


1 0 1 
xX HD US! 


o 0 0 
xX HD USI 


Cc 
H 
A 
N 
€0T 


GPL 
‘STP 


0 
uso 


Xo! 
uso 


1 
USO 





Command Codes 


Sector 1D informetion prior 
to Command execution 


Data-transfer between the 
FDD and main-system. FOC 
reads all data fields 

trom index hole to EOT. 


Status information after 
Commend execution 


Sector 1D informetion after 
Commend execution 


The first correct !D information 
on the Cylinder is stored in 
Date Register 


Status information after 
Commend execution 


Sector 1D informstion during 
Execution Phase 


Command Codes 


Bytes/Sector 
Sectors/Track 
Gep 3 

Filler Byte 


FDC formats an entire track 


Status information efter 
Commend execution 


tn this case, the 1D information 
has no meaning 


Command Codes 


Sector 1D informetion prior 
to Command execution 


Data-compared between the 
FOD and main-system 


Status information after 
Commend execution 


Sector ID information after 
Commend execution 


@® Ag shouid equal binary 1 for ail operations. 
® X = Don’t care, ususily made to equal binary 0. 


Figure 4-31. FDC Instruction Set 
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SCAN LOW OR EQUAL RECALIBRATE 


ea DATA BUS DATA BUS home aa 
D>» Dg Ds Da 03 D2 Dy Dy O07 Og Ds Dg D3 D2 Dy Do 
Se ge ee 


Command 


SSPEPSESE EE 


SzStetset FF 


1 @0 0 1 
x -& HD ust USO 
c 
H 
R 
N 
EOT. 


GPL 
stp 


SCAN HIGH OR EQUAL 


MT MF SK 1 1 1 1 


x 


x 


x -% & HO vsti uso 


c 
H 
R 
N 


a OT 


GPL 
sTP 


Figure 4-31. 


Command Codes 


Sector 1D information prior 
Command execution 


Data-compared between the 
FOD and main-system 


Status information after 
Command execution 


Sector 10 information after 
Command execution 


Command Codes 


Sector 1D information prior 
Command execution 


Oata-compared between the 
FDO and main-system 


Status information after 
Command execution 


Sector 1D information after 
Command execution 


Command 
Result 


Command 


1 1 
c US! 


xX HD US! 


1 1 
xX HD USt 


NCN 


tnvalid Codes 


1 
USO 


USO 


1 
uso 


FDC Instruction Set (Continued) 
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Command Codes 


Head retracted to Track 0 


Command Codes 


Status information at the end 
of seek-operation about the FDC 


Command Codes 


Command Codes 


Status information about FOD 


Command Codes 


Head is positioned over 
proper Cylinder on 
Diskette 


Invalid Command Codes 
{NoOp — FDC goes into 
Standby State) 


ST O= 80 
(16) 





SYMBOL NAME DESCRIPTION | 


"Address Line 0 Ag controls selection of Main Status ww 
Register (Ag = 0) or Data Register 
(Ag = 1) 


Cylinder Number C stands for the current/selected Cylinder 
(track) number 0 through 76 of the 
medium. 


Data D stands for the data pattern which is 
going to be written into a Sector. | 
D7-Do Data Bus 8-bit Data Bus, where D7 stands for a most | 
significant bit, and Dg stands for a least 
significant bit. 
Data Length When N is defined as 00, DT L stands for | 
the data length which users are going to 
read out or write into the Sector. : 
eC ere | Serene 
on a Cylinder. 
Gap Length GPL stands for the length of Gap 3 
(spacing between Sectors excluding VCO | 
Sync. Field). 
A hares (a ill 
| specified in ID field, ww 
en eae 
or 1. (H = HD in all command words.) 
Head Load Time HLT stands for the head: load time in the 
pw | metro | opie simetnmemn 
Head Unload Time HUT stands for the head unload time 


after a read or write operation has 
occurred (16 to 240 ms in 16 ms 


increments). 


= FM or MFM Mode If MF is low, FM mode is selected, and if 
it is high, MFM mode is selected. 
Multi- Track If MT is high, a multi-track operation is to | 
. be performed. (A cylinder under both 
; HDO and HD1 will be read or written.) 





Figure 4-32. FDC Command Symbol Description ww 
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[symeo.| NAME | __ DESCRIPTION, 


N stands for the number of data bytes 
written in a Sector. 


New Cylinder Number | NCN stands for a new Cylinder number, 
which is going to be reached as a result of the 
Seek operation. Desired position of Head. 


Non-DMA Mode ND stands for operation in the Non-DMA Mode. 


Present Cylinder PCN stands for the Cylinder number at the com- | 
Number pletion of SENSE INTERRUPT STATUS 
Command. Position of Head at present time. 


Record R stands for the Sector number, which will | 
be read or written. | 
Read/Write R/W stands for either Read (R) or Write (W) | 
signal. 
SC indicates the number of Sectors per 
Cylinder. 


|Skip SK stands for Skip Deleted Data Address Mark. 


Step Rate Time SRT stands for the Stepping Rate for the FDD. 
(1 to 16 ms in 1 ms increments.) Stepping Rate 
applies to all drives, (F = 1 ms, E = 2 ms, etc.). 





















































Status 0 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers which 
store the status information after a command 
has been executed. This information is 
available during the result phase after command 
execution. These registers should not be con- | 
fused with the main status register (selected by | 
Ao = 0). ST 03 may be read only after a com- 
mand has been executed and contain informatio | 
relevant to that particular command. 

















During a Scan operation, if STP = 1, the data in 

contiguous sectors is compared byte by byte 
with data sent from the processor (or DMA); 
and if STP = 2, then alternate sectors are read 
and compared. 


US stands for a selected drive number 0 or 1. 









| USO, US! 


Figure 4-32. FDC Command Symbol Description (Continued) 
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FDC Command Detailed Description 


The FDC commands are described in detail in the following para- 
graphs. 


READ DATA. A set of nine (9) byte words are required to place 
the FDC into the Read Data Mode. After the Read Data command has 
been issued the FDC loads the head (if it is in the unloaded 
state), waits the specified head settling time (defined in the 
Specify Command), and begins reading ID Address Marks and ID 
fields. When the current sector number ("R") stored in the ID 
Register (IDR) compares with the sector number read off the 
diskette, then the FDC outputs data (from the data field) byte- 
to~byte to the main system via the data bus. 


After completion of the read operation from the current sector, 
the Sector Number is incremented by one, and the data from the 
next sector is read and output on the data bus. This continuous 
read function is called a "Multi-Sector Read Operation." The 
Read Data Command may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the FDC stops 
outputting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy Count) 
bytes, and then at the end of the sector terminate the Read Data 
Command. 


The amount of data which can be handled with a single command to 


the FDC depends upon MT (multi-track), MF (MFM/FM), and N (Number 
of Bytes/Sector). Table 4-18 below shows the Transfer Capacity. 


Table 4-18. Transfer Capacity 


I Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read 
MT MF N (Bytes/Sector) (Number of Sectors) from Diskette 
(128) (26) 3,328 26 at Side 0 
(256) (26) 6,656 or 26 at Side 1 
(128) (52) 6,656 f 
(256) (52) = 13,312 26 at Side'1 


(256) (15) 3,840 15 at Side 0 
(512) (15) 7,680 or 15 at Side 1 


(256) (30) = 7,680 
(512) (30) = 15,360 15 at Side 1 


(512) (8) 4,096 8 at Side O 
(1024) (8) 8,192 or 8 at Side 1 
8,192 ‘ 
16,384 8 at Side 1 


u 


now 


(512) (16 
(1024) (16 
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The "multi-track" function (MT) allows the FDC to read data from 
both sides of the diskette. For a particular cylinder, data will 
be transferred starting at Sector 8, Side 9 and completing at 
Sector L, Side 1 (Sector L = last sector on the side). Note, 
this function pertains to only one cylinder (the same track) on 
each side of the diskette. 


At the completion of the Read Data Command, the head is not 
unloaded until after Head Unload Time Interval (specified in the 
Specify Command) has elapsed. If the processor issues another 
command before the head unloads then the head settling time may 
be saved between subsequent reads. This time out is particularly 
valuable when a diskette is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the right 
sector, (indicated in "R"), then the FDC sets the ND (No Data) 
flag in Status Register 1 to al (high), and terminates the Read 
Data Command. (Status Register 8 also has bits 7 and 6 set to 8 
and 1 respectively.) 


After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect CRC 
in ID field), the FDC sets the DE (Data Error) flag in Status 
Register 1 to al (high), and if a CRC error occurs in the Data 
Field the FDC also sets the DD (Data Error in Data Field) flag in 
Status Register 2 to al (high), and terminates the Read Data 
Command. (Status Register 9 also has bits 7 and 6 set to 9 and l 
respectively.) 


If the FDC reads a Deleted Data Address Mark off the diskette, 
and the SK bit (bit D5 in the first Command Word) is not set (SK 
= 0), then the FDC sets the CM (Control Mark) flag in Status 
Register 2 to al (high), and terminates the Read Data Command, 
after reading all the data in the Sector. If SK =1, the FDC 
skips the sector with the Deleted Data Address Mark and reads the 
next sector. The CRC bits in the deleted data field are not 
checked when SK = l. 


During disk data transfers between the FDC and the processor, via 
the data bus, the FDC must be serviced by the processor every 27 
microseconds in the FM Mode, and every 13 microseconds in the 
MFM Mode, or the FDC sets the OR (Over Run) flag in Status 
Register 1 to al (high), and terminates the Read Data Command. 
If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is dependent 
upon the state of the MT bit and EOT byte. Table 4-11 shows the 
values for C, H, R, and N, when the processor terminates the 
command. 
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Table 4-11. ID Information When Processor Terminates Command 


ID latorvatien at Result Phase 
Final Sector Transferred to Processor 





























Sector 1 to 25 at Side 0 
a Sector 1 to 14 at Side 0 NC R+1 NC 
08 Sector 1 to 7 at Side 0 
1A Sector 26 at Side 0 
OF Sector 15 at Side 0 NC NC 
08 Sector 8 at Side 0 
1A Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 NC R+1 NC 
08 Sector 1 to 7 at Side 1 
1A Sector 26 at Side 1 
OF Sector 15 at Side 1 NC NC 
08 Sector 8 at Side 1 
1A Sector 1 to 25 at Side 0 
OF Sector 1 to 14 at Side 0 NC R+1 NC 
08 Sector 1 to 7 at Side 0 
Sector 26 at Side 0 
Sector 15 at Side 0 LSB NC 
Sector 8 at Side 0 
Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 NC R+1 NC 
Sector 1 to 7 at Side 1 
Sector 26 at Side 1 
Sector 15 at Side 1 NC 
Sector 8 at Side 1 





Notes: 1 NC (No Change): The same value as the one at the beginning of command execution. 
2 LSB (Least Significant Bit): The least significant bit of H is complemented. 


WRITE DATA. A set of nine (9) bytes are required to set the FDC 
into the Write Data Mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified heat settling time (defined in the Specify 
Command), and begins reading ID Fields. When the current sector 
number ("R"), stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC takes data from 
the processor byte-by-byte via the data bus, and outputs it to 
the FDD. 


After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field is 
written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If a 
Terminal Count signal is sent to the FDC it continues writing 
into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 
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The FDC reads the ID field of each sector and checks the CRC 
bytes. If the FDC detects a read error (incorrect CRC) in one of 
the ID Fields, it sets the DE (Data Error) flag of Status 
Register 1 to al (high), and terminates the Write Data Command, 
(Status Register @ also has bits 7 and 6 set to @ and 1 
respectively.) 


The Write Command operates in much the same manner as the Read 
Command. The following items are the same, and one should refer 
to the Read Data Command for details: 


o Transfer Capacity 

o Head Unload Time Interval 

o EN (End of Cylinder) Flag 

o ID Information when the processor terminates command (see 
Table 2) 

o ND (No Data) Flag 

o Definition of DTL when N = @ and when N = l 


In the Write Data Mode, data transfers between the processor and 
FDC, via the Data Bus, must occur every 31 m in the FM mode, and 
every 15 m inthe MFM mode. If the time interval between data 
transfers is longer than this then the FDC sets the OR (Over Run) 
flag in Status Register 1 to al (high), and terminates the Write 
Data Command, (Status Register 8 also has bit 7 and 6 set to @ 
and 1 respectively.) 


WRITE DELETED DATA. This command is the same as the Write Data 
Command except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data Address 
Mark. 


READ DELETED DATA. This command is the same as the Read Data 
Command except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field (and SK = 9 (low), it will read all 
the data in the sector and set the CM flag in Status Register 2 
to al (high), and then terminate the command. If SK = 1, then 
the FDC skips the sector with the Data Address Mark and reads the 
next sector. 


READ A TRACK. This command is similar to READ DATA Command 
except that this is a continuous READ operation where the entire 
data field from each of the sectors are read. Immediately after 
encountering the INDEX HOLE, the FDC starts reading all data 
fields on the track, as continuous blocks of data. If the FDC 
finds an error in the ID or DATA CRC check bytes, it continues to 
read data from the track. The FDC compares the ID information 
read from each sector with the value stored in the IDR, and sets 
the ND flag of Status Register 1 to al (high) if there is no 
comparison. Multi-track or skip operations are not allowed with 
this command. 


Read a Track command terminates when EOT number of sectors have 


been read. If the FDC does not find an ID Address Mark on the 
diskette after it encounters the INDEX HOLE for the second time, 
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then it sets the MA (missing address mark) flag in Status 
Register 1 to al (high), and terminates the command. (Status 
Register @ has bits 7 and 6 set to @ and 1 respectively.) 


FORMAT A TRACK. The Format Command allows an entire track to be 
formatted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data Fields, all 
per the IBM System 34 (Double Density) or System 374@ (Single 
Density) Format are recorded. The particular format which will 
be written is controlled by the values programmed into N (number 
of bytes/sector), SC (sectors/cylinder), GPL (Gap Length), and D 
(Data Pattern) which are supplied by the processor during the 
Command Phase. The Data Field is filled with the Byte of data 
stored in D. The ID Field for each sector is supplied by the 
processor; that is, four data requests per sector are made by the 
FDC for C (Cylinder Number), H (Head Number), R (Sector Number) 
and N (Number of Bytes/Sector). This allows the diskette to be 
formatted with non-sequential sector numbers, if desired. 


After formatting each sector, the processor must send new values 
for C, H, R, and Nto the FDC for each sector on the track. The 
contents of the R register is incremented by one after each 
sector is formatted, thus, the R register contains a value of R 
when it is read during the Result Phase. This incrementing and 
formatting continues for the whole track until the FDC encounters 
the INDEX HOLE for the second time, whereupon it terminates the 
command. 


If a FAULT signal is received from the FDD at the end of a write 
operation, then the FDC sets the EC flag of Status Register @ to 
a 1 (high), and terminates the command after setting bits 7 and 6 
of Status Register 9 to @ and 1 respectively. Also the loss of a 
READY signal at the beginning of a command execution phase causes 
bits 7 and 6 of Status Register @ to be set to @ and l 
respectively. Table 4-12 shows the relationship between N, SC, 
and GPL for various sector sizes. 
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Table 4-12. N, SC, GPL Relationship 


lowes { secronsue Ln | se _| or by sos newts | 


128 bytes/Sector IBM Diskette 1 ff 
256 {BM Diskette 2 


512 02 
1024 bytes/Sector | 03 
FM Mode | 2048 04 
4096 05 
256 0 











Note: @ Suggested values of GPL in Read or Write Commands to avoid splice point between data fieid 
and 1D field of contiguous sections. 


(@ Suggested values of GPL in format command. 


SCAN COMMANDS 


The SCAN Commands allow data which is being read from the 
diskette to be compared against data which is being supplied from 
the main system (Processor in NON-DMA mode, and DMA Controller in 
DMA mode). The FDC compares the data on a byte-by-byte basis, 
and looks for a sector of data which meets the conditions: 


Depp = Dprocessor: Drpp */< Dprocessor’ 


or Depp =/> Dprocessor* 


Ones complement arithmetic is used for comparison (FF = largest 
number, 99 = smallest number). After a whole sector of data is 
compared, if the conditions are not met, the sector number is 
incremented (R + STP R), and the scan operation is continued. 
The scan operation continues until one of the following condi- 
tions occur; the conditions for scan are met (equal, low, or 
high), the last sector on the track is reached (EOT), or the 
terminal count signal is received. 


If the conditions for scan are met then the FDC sets the SH (Scan 
Hit) flag of Status Register 2 to al (high), and terminates the 
Scan Command. If the conditions for scan are not met between the 
starting sector (as specified by R) and the last sector on the 
cylinder (EOT), then the FDC sets the SN (Scan Not Satisfied) 
flag of Status Register 2 to al (high), and terminates the Scan 
Command. The receipt of a TERMINAL COUNT signal from the Proces- 
sor or DMA Controller during the scan operation will cause the 
FDC to complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4-13 shows the 
status of bits SH and SN under various conditions of SCAN, 
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Table 4-13. SCAN Status Bits 


| STATUS REGISTER 2 
| COMMENTS 
| BIT 2 = SN BIT 3 = SH : 
DFDD = DProcessor 
Scan Equal 
DEDD # DProcessor 
DFDD = OProcessor | 
Scan Low or Equal DFDD < DProcessor 
DFDD <« DProcessor 











DEDD = OProcessor 
DFOD < DProcessor 
DFDD + DProcessor 


Scan High or Equal 


If the FDC encounters a Deleted Data Address Mark on one of the 
sectors (and SK = 9), then it regards the sector as the last 
sector on the cylinder, sets CM (Control Mark) flag of Status 
Register 2 to al (high) and terminates the command. If SK=l1, 
the FDC skips the sector with the Deleted Address Mark, and reads 
the next sector. In the second case (SK = 1), the FDC sets the 
CM (Control Mark) flag of Status Register 2 to al (high) in 
order to show that a Deleted Sector had been encountered. 


When either the STP (contiguous sectors = @1, or alternate 
sectors = @2 are read) or the MT (Multi-Track) are programmed, it 
is necessary to remember that the last sector on the track must 
be read. For example, if STP = 92, MT = @, the sectors are 
numbered sequentially 1 through 26, and we start the Scan Command 
at sector 21; the following will happen. Sectors 21,23, and 25 
will be read, then the next sector (26) will be skipped and the 
Index Hole will be encountered before the EOT value of 26 can be 
read. This will result in an abnormal termination of the 
command. If the EOT had been set at 25 or the scanning started 
at sector 20, then the Scan Command would be completed in a 
normal manner. 


During the Scan Command data is supplied by either the processor 
or DMA Controller for comparison against the data read from the 
diskette. In order to avoid having the OR (Over Run) flag set in 
Status Register 1, it is necessary to have the data available in 
less than 27 (FM Mode) or 13 (MFM Mode). If an Overrun 
occurs the FDC ends the command with bits 7 and 6 of Status 
Register @ set to @ and l, respectively. 
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SEEK. The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. The FDC compares 
the PCN (Present Cylinder Number) which is the current head 
position with the NCN (New Cylinder Number), and if there is a 
difference performs the following operation: 


PCN<NCN: Direction signal to FDD set to al (high), and 
Step Pulses are issued. (Step In.) 


PCN>NCN: Direction signal to FDD set to a 8 (low), and Step 
Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlled by SRT 
(Stepping Rate Time) in the SPECIFY Command. After each Step 
Pulse is issued NCN is compared against PCN, and when NCN = PCN, 
then the SE (Seek End) flag is set in Status Register 8 toa l 
(high), and the command is terminated. 


During the Command Phase of the Seek operation the FDC is.in the 
FDC BUSY state, but during the Execution Phase it is in the NON 
BUSY state. While the FDC is in the NON BUSY state, another Seek 
Command may be issued, and in this manner parallel seek 
Operations may be done on up to 4 Drives at once. 


If an FDD is in a NOT READY state at the beginning of the command 
execution phase or during the seek operation, then the NR (NOT 
READY) flag is set in Status Register 9 to al (high), and the 
command is terminated after bits 7 and 6 of Status Register @ are 
set to @ and 1 respectively. 


RECALIBRATE. The function of this command is to retract the 
read/write head within the FDD to the Track 9 position. The FDC 
clears the contents of the PCN counter, and checks the status of 
the Track 8 signal from the FDD. As long as the Track 8 signal 
is low, the Direction signal remains 1 (high) and Step Pulses are 
issued. When the Track @ signal goes high, the SE (SEEK END) 
flag in Status Register 8 is set to al (high) and the command is 
terminated. If the Track 8 signal is still low after 77 Step 
Pulse have been issued, the FDC sets the SE (SEEK END) and EC 
(EQUIPMENT CHECK) flags of Status Register @ to ones (high), and 
terminates the command after bits 7 and 6 of Status Register 8 is 
set to @ and 1 respectively. 


The ability to do overlap RECALIBRATE Commands to multiple FDDs 


and the loss of the READY signal, as described in the SEEK 
Command, also applies to the RECALIBRATE Command. 
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Sense Interrupt Status 


An Interrupt signal is generated by the FDC for one of the 
following reasons: 


1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
£f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 
2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 


Interrupts caused by reasons 1 and 4 above occur during normal 
command operations and are easily discernible by the processor. 
However, interrupts caused by reasons 2 and 3 above may be 
uniquely identified with the aid of the Sense Interrupt Status 
Command. This command when issued resets the interrupt signal 
and via bits 5, 6, and 7 of Status Register 9 identifies the 
cause of the interrupt (Table 4-14). 


Table 4-14. Sense Interrupt Status Bits 
SEEK END 


ae ae Ready Line changed state, either polarity 
i aa ie Normal Termination of Seek or Recalibrate Command 











Abnormal Termination of Seek or Recalibrate Command 





Neither the Seek or Recalibrate Command have a Result Phase. 
Therefore, it is mandatory to use the Sense Interrupt Status 
Command after these commands to effectively terminate then and to 
provide verification of where the head is positioned (PCN). 


Specify 


The Specify Command sets the initial values for each of the three 
internal timers. The HUT (Head Unload Time) defines the time 
from the end of the Execution Phase of one of the Read/Write 
Commands to the head unload state. This timer is programmable 
from 16 to 26 ms in increments of 16 ms (91 = 16 ms, 62 = 32 ms, 
OF = 249 ms). The SRT (Step Rate Time) defines the time interval 
between adjacent step pulses, This timer is programmable from 1 
to 16 ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, 
etc.). The HLT (Head Load Time) defines the time between when 
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the Head Load signal goes high and when the Read/Write operations 
Starts. This timer is programmable from 2 to 254 ms in incre- 
ments of 2 ms (@1 = 2 ms, 92 = 4 ms, 03 = 6 ms...FE = 254 ms). 


The time intervals mentioned above are a direct function of the 
clock (CLK on pin 19). Times indicated above are for an 8 MHz 
clock. 


The choice of DMA or NON-DMA operation is made by the ND (NON- 
DMA) bit. When this bit is high (ND= 1) the NON-DMA mode is 
selected, and when ND = @ the DMA mode is selected. 


Sense Drive Status 


This command may be used by the processor whenever it wishes to 
obtain the status of the FDDs. Status Register 3 contains the 
Drive Status information. 


Invalid 


If an invalid command is sent to the FDC (a command not defined 
above), then the FDC will terminate the command after bits 7 and 
6 of Status Register 9 are set to 1 and @ respectively. No 
interrupt is generated by the FDC during this condition. Bit 6 
and bit 7 (DIO and RQM) in the Main Status Register are both high 
("1") indicating to the processor that the FDC is in the Result 
Phase and the contents of Status Register § (STO) must be read. 
When the processor reads Status Register 9 it will find an 88 hex 
indicating an invalid command was received. 


A Sense Interrupt Status Command must be sent after a Seek or 
Recalibrate Interrupt, otherwise the FDC will consider the next 
command to be an Invalid Command. In some applications the user 
may wish to use this command as a No-Op command, to place the FDC 
in a standby or no operation state. 
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4.5 MULTIBUS EXPANSION INTERFACE 


The ACS68808 system provides a pair of rear panel connectors that 
permit connection to an additional user-supplied enclosure con- 
taining a Multibus card cage and associated power supply. The 
expansion capability allows system users to add memory or custom 
application interfaces to the system. The interface supports 
both eight bit and sixteen bit bus masters that use the daisy 
chain technique for resolving the priority of bus access. The 
interface supports the addressing of up to 15 additional mega- 
bytes of memory. All signals in the interface meet the electrical 
and driver-receiver requirements of the Multibus Specification 
published by Intel. The interface supports the Multibus signals 
listed in Table 4-15. 


Table 4-15. Multibus Expansion Interface Signals 





24 Address Lines ~- ADRO* thru ADRF*, ADR1O* thru ADR17* 
16 Data Lines - DAT@* thru DATF* 

Control Lines - IORC*, IOWC*, MRDC*, MWTC*, INTA* and XACK* 
Eight Interrupt Lines -— INT@* thru INT7* 


{The eight multibus interrupts are supported by a Universal 
Interrupt Controller on the main CPU circuit board.} 


Clock Lines - BCLK* and CCLK* 
System Initialization Line - BINIT* 


Parity Error - PAR ERR* 
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4.6 SOFTWARE SECURITY 


The system hardware provides a twenty pin socket at location 18D 
which permits the user to develop a software controlled 
"combination lock" to provide additional security if desired. 
Supporting circuitry is shown on dwg. 625-11251-8@1, sheet 7. 
The socket is intended to accept a programmable logic array 
device such as a PAL16R8, PAL16R6 or a PALI6R4 manufactured by 
Monolithic Memories Incorporated and others. 
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4.7 INTELLIGENT SERIAL I/O CONTROLLER CIRCUIT BOARD 


The Intelligent Serial I/O Controller Board (SIOC) consists of a 
Z80A CPU processor with eight 288 SIO serial channels. The Z8@A 
processor communicates with the CPU Board via main memory and a 
pair of interrupt lines. The interface used for this communica-~ 
tion is the Multibus. The CPU may interrupt the Z8@A and the 
Z89A may interrupt the CPU. The majority of character interrupt 
processing is handled by the SIOC which results in reduced CPU 
I/O processing time. A complete copy of the hardware specifica- 
tion for the SIOC is included in Appendix B. One or two SIOC 
boards may be installed in the main CPU enclosure. SIOC channel 
addresses are shown in Table 4-16 


fable 4-16. Intelligent Serial I/O Controller Channel Addresses 





SIOC ® Channel Attention FFFF80H 


SIOC 1 Channel Attention FFFF84H 


4.7.1 Serial Channels 


Two Intelligent Serial I/O Controller (SIOC) boards are mounted 
on the rear panel of the main system enclosure to provide sixteen 
additional serial channels. A separate Z89A is provided on each 
SIOC along with dedicated read only memory (ROM) and random 
access memory (RAM) to service the needs of the eight serial 
channels. The SIOC accepts serial I/O channel commands and moves 
blocks of characters between main memory and the eight serial 
channels. 


Communication between the CPU board and the SIOC board is 
accomplished by means of memory registers. Initially, one 24-bit 
register (called the "Initialization Register") exists at 
location 1FFFC hex. This register contains a pointer to a group 
of memory registers. The layout of this group of registers which 
may exist anywhere in memory is shown in Figure 4-33. All of the 
memory registers occupy a total of 182 (decimal) bytes of memory. 
When the SIOC is first interrupted, the initialization register 
is read. Initialization is accomplished according to the 
parameters in the register group pointed to by the Initialization 
Register. The initialization register will be read only after the 
first interrupt received by the Z89A allowing this reserved 
location to be reused by the host until reinitialization is 
required. 


4.7.2 System Registers 
The first six bytes of the 182 bytes of memory form the five 


system registers. These are the Firmware Version Register, the 
System Command Register, the System Status Register, the 
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Interrupt Vector register and the New Command Register. The 
remaining 176 bytes of memory comprise eight sets of Channel 
Registers. There are twenty-two bytes in each set of registers. 
Each set contains the twelve registers listed below: 


Parameter Register 

Channel Status Register 

Channel Command Register 

Transmit Buffer Address Register 
Transmit Buffer Length Register 
Receive Buffer Address Register 
Receive Buffer Length Register 
Receive Buffer Input Pointer Register 
Receive Buffer Output Pointer Register 
TTY Receive Register 

Selectable Rate Register 

Expansion Register 


Note that when the TTY Receive Register is used it replaces the 
second byte of the Receive Buffer Output Pointer Register. 


Firmware Version Register 


The Firmware Version Register is a one byte memory register where 
the Controller writes the level of the firmware in the 
Controller, The bootstrap software will initialize this location 
with zero at system initialization. When Controller 
initialization is complete, the actual firmware version number 
will be stored in this location. This location may be tested to 
identify an uninitialized controller (or initialization in 
progress). Version numbers are stored in a two part format. The 
most significant five bits of the byte contain the version number 
in the range of one to sixty-three. The least significant bits 
of the byte contain the sub-version number in the range of zero 
to seven. This permits the representation of a version number 
such as 2.0 where 2 is stored in bits three through seven and 9 
is stored in bits zero through three. 


System Command Register 


The System Command Register is an eight bit register used to pass 
commands to all channels simultaneously. The command is passed in 
bits zero through six while handshaking is accomplished by set- 
ting bit seven to a one to indicate the issuing of a command. The 
68808 should insure that the last command has been executed by 
testing bit seven of this register for zero before issuing the 
next command. The commands are given in Table 4-17. 
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IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 
IR 


IR 


006H 
691H 
602H 
§03H 
0644 
§95H 
096H 
§07H 
908H 
0 09H 
O9AH 
§9BH 
§89CH 
9 ODH 
O9EH 
OOFH 
9104 
§11H 
§12H 
§13H 
914H 
§15H 
016H 

























Figure 4-33. 


SIOC Memory Registers 
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IR + 917H 


IR + 918H 
IR + 018H 
IR + 819H 
IR + O1AH 


IR + @1BH 


Figure 4-33. SIOC Memory Registers (Continued) 


IR + 91CH 
IR + 032H 
IR + 048H 
IR + @5EH 
IR + 974H 
IR + O8AH 


IR + MAOH 
IR + @B6H 


Table 4-17. SIOC COMMANDS 





Y) disable controller 
1 enable controller 
2 disable interrupts 
3 enable interrupts 
4 reset interrupt 
5-127 unused 





System Status Register 


The System Status Register is an eight bit register used to pass 
status to the 68988 concerning channel-independent status infor- 
mation. The status bits are defined in Table 4-18. Bit zero 
enables and disables the entire controller. Bit one enables the 
interrupt interface from the controller back to the MC68009. Bit 
two allows the 68008 to poll the controller for an interrupt 
condition without enabling interrupts. Bit three is used by the 
controller to report bus errors back to the 680098. A bus error 
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is generated by the main memory when a memory parity error is 
detected by the parity error circuitry or a timeout. 


Interrupt Vector Register 
The Interrupt Vector Register is a sixteen bit register 
containing data to allow quick response to an interrupting 
condition. The register is logically divided into four fields of 
four bits. The bit definitions are given in Table 4-21. 
New Command Register 
The New Command Register is an eight bit register used to 
indicate the existence of a new command. This register should be 
incremented any time a command is written into the system command 
register or any of the eight channel command registers. 
Table 4-18. SIOC Status Register 
BIT NAME 

CONTROLLER ENABLED 

INTERRUPTS ENABLED 

INTERRUPT PENDING (NOT QUAL. BY ENA) 


BUS ERROR DETECTED 


(not used) 


(not used) 


(not used) 





(not used) 


4.7.3 Channel Registers 


The remaining registers (176 bytes) form eight sets of Channel 
Registers -- one set of registers for each of the channels on the 
SIOC board. The first of the Channel Registers is the Channel 
Parameter Register. The Channel Parameter Register is a sixteen 
bit register used to establish the bit level characteristics of 
the channel. Bit definition is given in Table 4-22. Six bits 
deal with the programming of the receiver-transmitter device and 
the baud rate generator device. Bit seven selects between 
buffered receive mode and TTY mode. In TTY mode each character 
is passed through the one byte TTY Receive Register which 
replaces the second byte of the Receive Buffer Output Pointer 
Register. In this mode an interrupt is generated each time the 
buffer is full. In buffered receive mode characters are loaded 
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into the receive ring buffers whose base addresses are contained 
in Receive Buffer Address Register. An interrupt is generated 
each time one or more characters are transferred to the buffer. 


Channel Status Register 


The Channel Status Register is a sixteen bit register used to 
report the current status of the respective serial channel. This 
register is updated before the Controller generates an interrupt. 
In general an interrupt is generated when a status bit is set to 
a one. The specific definition of bits in the Channel Status 
Register and the field of the Interrupt Vector Register asso- 
ciated with each status are detailed in Table 4-21. 


Table 4-19. Serial I/O Controller Interrupt Vector Register 
BIT NAME 


MODEM INTERRUPT CHANNEL # - LSB 


-| 


MODEM INTERRUPT CHANNEL # 

MODEM INTERRUPT CHANNEL # - MSB 
MODEM INTERRUPT PENDING . 
RECEIVE INTERRUPT CHANNEL # - LSB 
RECEIVE INTERRUPT CHANNEL # 
RECEIVE INTERRUPT CHANNEL # - MSB 
RECEIVE INTERRUPT PENDING 


TRANSMIT INTERRUPT CHANNEL # - LSB 


1 

1 

1 
aE 

1 

1 

1 

1 
Ss 

1 


TRANSMIT INTERRUPT CHANNEL # 


TRANSMIT INTERRUPT channel # — MSB 


Ht 


TRANSMIT INTERRUPT PENDING 


aE Se a RE TE 
{not used) 


(not used) 
(not used) 


(not used) 





Channel Command Register 


The channel command register is an eight bit register used to 
pass channel specific commands to the controller. The command is 
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encoded in bit zero through three. Bits four through six are 
used to indicate the logic level corresponding to the interrupt 
enable flags. Bit seven is used to indicate the existence of a 
valid command. The 68808 should test bit seven to insure that 
the last command has been executed before loading a new command. 
The controller will clear bit seven and bits zero through three 
after reading the command. Bits four through six will remain 
unchanged to continuously indicate the interrupt enable status. 
The commands available are summarized in Table 4-22. 


Table 4-28. Serial I/O Controller Channel Parameter Register 





Bit 9 =] Parity enable 
Bit l =] Parity even 
Bits 2-3 =9 Illegal 
= 1 Stop bit 
= 1.5 Stop bits 
=3 2 Stop bits 
Bits 4-5 =f 5 Bits per character 
=] 7 Bits per character 
= 6 Bits per character 
=3 8 Bits per character 
Bit 6 Unused 
Bit 7 =] Ring buffer receiver enable 
Bits 8-11 =9 Selectable rate 
= 75 BPS 
= 110 BPS 
= 134.5 BPS 
= 158 BPS 
= 308 BPS 
= 600 BPS 
=7 1299 BPS 
= 1806 BPS 
= 29090 BPS 
=18 2460 BPS 
=11 3609 BPS 
=12 4800 BPS 
=13 7200 BPS 
=14 9680 BPS 
=15 19.2 KBPS or undefined 
Bit 12 Unused 
Bit 13 Unused 
Bit 14 =] CTS active 
Bit 15 =] DSR active 


— 


Table 4-21. Serial I/O Controller Status Register 





Bit Definition Interrupt 
bit @ unused ~- always 9 none 
bit 1 Data Terminal Ready modem 
bit 2 unused - always 0 

bit 3 Request To Send modem 
bit 4 Parity Error receive 
bit 5 Receive Data Lost (SIO overrun) receive 
bit 6 Framing Error receive 
Bic 7 Parity OR Overrun OR Framing Error receive 
bit 8 Receive Character(s) Ready receive 
bit 9 unused - always 9 none 
bit 10 unused - always 9 none 
bit 11 unused - always @ none 
bit 12 Transmitter Ready transmit 
Bat is unused - always 9 none 
bit 14 unused - always 9 none 
bit 15 unused - always 9 none 


Table 4-22. Serial I/O Controller Channel Command Register 





Bits 9 - 3 

No operation 
Initialize channel 
Start transmitter 
Acknowledge receiver 
Abort transmitter 

No operation 

No operation 

No operation 

Change parameters 
Reset error conditions 
Reset modem interrupt request 


Quaoraupswnore 


= 


Bit 4 Modem interrupt enable 
Bit 5 Receive interrupt enable 
Bit 6 Transmit interrupt enable 
Bit 7 Command valid 
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Transmit Data Buffer Address Register 


The Transmit Data Buffer Address Register is a 24-bit register 
containing the address of the data to be transmitted. After 
transmit termination, this register will contain the address of 
the last character transmitted plus one. The number of 
characters to be transmitted is contained in the sixteen bit 
Transmit Data Butfer Length Register. If an abort transmitter is 
issued, the Transmit Data Buffer Address Register will be updated 
to point to the first byte NOT transmitted and the Transmit Data 
Buffer Length Register will be updated to contain the number of 
bytes NOT transmitted. 


Receive Data Buffer Address Register 


The Receive Data Buffer Address Register is a 24-bit register 
containing the base addresses of the receive buffer to be used in 
Ring Buffer Mode. The Receive Data Buffer Length Register is a 
sixteen bit register containing the length of the receive data 
buffer. The receive buffer length may be in the range of 2 to 
32,768 bytes. Also associated with the Receive Data Buffer are 
the Receive Buffer Input Pointer Register and the Receive Buffer 
Output Pointer Register. These pointers are both sixteen bit 
registers. The Input Pointer always points to the first empty 
location to be filled by the Controller. As the Controller 
updates the Receive Data Buffer this pointer is incremented 
modulo the Receive Buffer Length. Bit 15 is set to a one when 
the contents are are being updated and therefore are invalid. 
Bit 15 may be ignored if the buffer length is specified to be 
less than or equal to 256. The Receive Buffer Output Pointer 
points to the start of the Receive Data Buffer. As the 686080 
removes data from the Receive Data Buffer, it must increment this 
pointer modulo the Receive Buffer Length. Again bit 15 must be 
set to a one to indicate that the contents of the Output Pointer 
Register are invalid because an update is in process unless the 
Buffer Length is specified to be less than or equal to 256. 


TTY Receive Register 


The TTY receive register is an eight bit register used to receive 
data in applications not requiring multiple-byte ring buffering. 
In TTY receive mode, the byte is simply stored in the TTY receive 
register. Note that this register replaces the second byte of 
the Receive Buffer Output Pointer Register which is not used. 


Selectable Rate Register 


The selectable rate register is a sixteen bit register used to 
transfer a sixteen bit value directly to the bit rate generator. 
When the rate is specified through this register, the SIO 
controller is programmed to further divide the clock supplied by 
the rate generator by sixteen. The value to be passed through 
this register may be calculated using the following equation: 
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115,206 
SPD ee ee 
Desired Bit Rate 


Expansion Register 


The Expansion Register is defined to permit future expansion of 
the Channel Register Array. This register is also defined to 
bring the total number of bytes required for the register array 
to an even number. This can simplify the generation and handling 
of the array under some languages. 


4.7.4 Software Interface 


Software interface to the Altos Intelligent Serial I/O Controller 
can best be divided into eight sections: 


Controller Activation 

68998/Controller Communication 
Controller Initialization 

Channel Initialization 

Channel Transmit Operation 

Channel TTY Receive Operation 

Channel Ring Buffered Receive Operation 
Modem Control/Status Operation 


After a power-up or controller hardware reset, the controller 
first initializes all hardware devices, then clears internal RAM, 
and finally waits in a tight loop. To activate the controller, 
the 68989 computer must first build and initialize the system and 
channel register arrays. The system register array followed by 
the eight channel register arrays form a single contiguous block 
referred to as the Controller Control Block or CCB. After the 
CCB is built, the address of the Controller Control Block is 
stored at location 1FFFC hex, lowest byte first, highest byte 
last. The last step is for the 68999 to generate a "Channel 
Attention" signal to the controller by writing to location 
FFFF18H. This operation will start the controller. When activa- 
tion is complete, the controller will store the firmware version 
number (guaranteed not to be zero) in the first location of the 
Controller Control Block. After activation, the controller is in 
an idle state waiting for the system command to enable the con- 
troller. When this command is issued, controller interrupts may 
also be enabled. 


Command information for the controller is passed through ten 
registers within the CCB. The process that reads the command 
registers is generally in a quiet but not asleep state. When the 
process runs it will read the "New Command Register". If it finds 
that this register has not changed, it will exit without checking 
the system or channel command registers. When the "New Command 
Register" has changed, the process will individually test the 
command registers, and if there is a command pending, activate 
the appropriate process to service the request. This mechanism 
is very efficient when no commands are pending, but does demand 
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the proper sequencing of events. Any time the 689080 issues a 
command, it must alter the value in the "New Command Register". 
The recommended procedure is to increment the "New Command Regis- 
ter" after setting up the other registers for each command. 


The controller will acknowledge receipt of a command by clearing 
bit 7 of the command byte. While there is generally no reason to 
wait for the acknowledgement after issuing a command, it is 
essential that bit 7 be tested before issuing anew command. The 
programmer must note that the channel status is not valid while a 
command is pending on that channel. The procedure then follows 
the flow of the flowchart in Figure 4-34, 


START 


LAST 
COMMAND 
PENDING? 


SET NEW 
PARAMETERS 
(IF REQUIRED) 


ISSUE 
NEW 
COMMAND 


INCREMENT 
“NEW COMMAND” 
REGISTER 





Figure 4-34. New Command Routine (General) 
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Channel status for a given channel is NOT 
valid while a command is pending. 


After defining the desired operating parameters (i.e., parity, 
word length, etc.), which must be stored into the channel 
parameter register, the channel may now be initialized with the 
"Initialize Channel" command. Once this initialization command 
has been issued the channel is ready to transmit or receive. If 
any of the interrupt enable bits are set with the command, and 
their associated conditions become true, an interrupt will be 
generated. A No-Op command may be issued at any time to alter 
only the interrupt enable bits. 
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Sample IOC Interface Routines 


To transmit a block of data, follow the flowchart depicted in 
Figure 4-35. 


LAST 
COMMAND 
PENDING? 


TRANSMITTER 
READY? 


SET ADDRESS 
AND 


BYTE COUNT 


ISSUE 
TRANSMIT 
COMMAND 


INCREMENT 
“NEW COMMAND” 
REGISTER 





Figure 4-35. Transmit Block of Data 
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To receive a character in TTY mode, use the flowchart shown in 
f™ Figure 4-36. 


i 


COMMAND 
PENDING? 


i 
CHARACTER 


AVAILABLE 


Y; 
READ 
STATUS 


f ‘ 
STATUS 
ERROR? 
ISSUE 
RESET ERROR 
READ CHAN. COMMAND 
FROM 
TTY REG. 


ISSUE 
RECEIVER 
ACK COMMAND 


INCREMENT 
“NEW COMMAND” 
REGISTER 





Figure 4-36. Receive Character in TTY Mode 
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Use the flowchart shown in Figure 4-37 to receive a character in 
Ring Buffered Receive mode: 


START 
| 
COMMAND 


PENDING? 


N 
aie 
CHARACTER 


AVAIL? 
Y 
READ 
STATUS 


ISSUE 
RESET ERROR 
COMMAND 


N 
@) 


ISSUE 
RECEIVE ACK 
COMMAND 


TTY INPUT ROUTINE 


(QUFFER ADDRESS ~ 
OUTPUT POINTER? 


INCREMENT 
NEW COMMAND 
REGISTER 


OUTPUT xg 
POINTER 


Figure 4-37. Receive Character in Ring Buffered Receive Mode 
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Use the procedure outlined in the flowchart in Figure 4-38 to 


check the state of the Modem status lines: 


MODEM 
STATUS 
CHANGED? 


READ 
STATUS 


ISSUE 
RESET ERROR 


ISSUE COMMAND 


RESET MODEM 
INTERRUPT COMM. 


INCREMENT 
NEW COMMAND 
REGISTER 





Figure 4-38. Check State of Modem Status Lines 
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4.8 INTELLIGENT HARD DISK/TAPE CONTROLLER 


The ACS68@4@ system provides an intelligent hard disk/tape con- 
troller board that mounts in the CPU enclosure. The controller 
board is connected to the system via the Multibus. An 8/16 bit 
I/O processor operating in remote mode is used for all hard disk 
and tape operations. The I/O processor is provided with 16 
kilobytes of local RAM and a local address and data bus. The 
controller circuit board provides control for one or two eight 
inch rigid disks and a magnetic tape drive. 


The ACS68898 System is offered with one of the rigid disk drives 
listed in Table 4-23. 


Table 4-23. Rigid Disk Drives Supported 


Model Number Disks Heads Cylinders Total Capacity 
Quantum 
Q2028 2 4 512 20 Mbytes 
Q2040 4 8 522 40 Mbytes 


4.8.1 1/0 Processor Section Circuit Description 


The schematic diagram for the I/O processor section of the intel- 
ligent hard disk/tape controller is shown on dwg. 625-12246-981, 
sheets 1 thru 5. 


8/16 Bit I/O Processor 


The 8//16 Bit I/O Processor is a two channel I/O processor which 
provides complete processor control of the hard disk drives and 
magnetic tape drives. Shared memory provides the communication 
between the I/O Processor and the 68999 CPU via the multibus. 
The I/O Processor is operated in remote mode with a local data 
and address bus and 16k bytes of local RAM. Channel 1 (hard 
disk) channel attention address is FFFF@1, channel 2 (tape unit) 
channel attention address is FFFF99. Interrupts are multibus 
interrupt 7 (channel 1) and 6 (channel 2). 


Clock Generator and Driver 

Clock frequencies and Multibus synchronization for the IOP are 
furnished by a clock generator and driver. A15 mHz crystal is 
used to provide a 5 mHz clock frequency for the IOP. 

Bus Controller, Bus Arbiter 

A bus controller is used to provide command and control timing 
generation for the IOP controller. A bus arbiter is used to 


provide multibus arbitration. The bus arbiter prevents the bus 
controller, data transceivers, and data latches from accessing 
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the multibus when the multibus is busy. The I/O processor is 
forced into wait states until bus mastery is granted by the 
system. The bus controller and bus arbiter are controlled by 
status signals S@, Sl, and S2 from the I/O processor, 


Multibus Interface and Local Memory 


The multibus interface buffers and data latches, board select 
decoder, port decoder, and local memory RAM circuits are shown on 
dwg. 625-12246-881, sheets 1 and 2. 


4.8.2 1/0 Processor Software Interface 


Channel 1 of the I/O processor is used to control the I/O inter- 
face for the hard disk controller. Channel 2 is used for the 
Magnetic tape unit I/O interface. 


The hard disk controller features multiple consecutive sector 
operations with ability to cross over track and cylinder bound- 
aries with minimum CPU intervention and minimum system memory 
accesses. The controller also features overlapped seek opera- 
tions when two hard disk drives are connected and overlapped seek 
operations with data DMA transfers across the multibus. Automa- 
tic retries on error are transparent and may be defeated by 
special programming. 


Channel Initialization 


The hard disk channel 1 must be initialized at power-up or reset. 
Three blocks of information are set up for the channel to read: 


The system configuration pointer (SCP) resides at either 
OFFFF6h or O1FFF6h in system memory. The location to be 
read is determined by setting jumper S9 on the controller 
board to 2-3 (@1FFF6h). The SCP contains a sysbus byte 
(@lh) and a pointer to the System Configuration Block (SCB). 
The SCB and the Channel Control Block (CCB) must reside 
below the SCP in system memory. 


The SCB contains a system operation command byte (@lh) and a 
pointer to the permanent location of the two CCBs, one for 
each channel of the I/O processor. 


Each CCB contains a busy byte, a channel command word, anda 
pointer to the channel parameter block. The channel busy 
byte is set to @FFh at initialization. 


The channel parameter block contains five pointers: 


Task program pointer 

Drive @ Actual Parameter Block (APB) pointer 
Drive 1 APB pointer 

Drive @ Return Parameter Block (RPB) pointer 
Drive 1 RPB pointer 
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The I/O processor task program is ready to be read into the I/OP 
local memory. A channel attention is sent to channel 1 (and 
later to channel 2) to make the I/OP a bus master. The task 
program pointer must point to the I/OP down load code and the 
drive ® APB must point to an APB in memory. The channel command 
word will instruct the 8889 to begin a task program in system 
memory space with no interrupts. The busy byte in the CCB is set 
to @lh and a second channel attention issued. The I/OP will set 
busy byte to OFFh and execute the task program. When the task 
program is downloaded in local memory, the I/OP busy byte will be 
reset to 89h, the PB will be set to all zeroes, and the CCW 
changed to indicate that task program is in local memory. 


Actual Parameter Block (APB) 


The I/O processor communicates with the MC680909 CPU via actual 
parameter blocks (APB) in system memory. A typical channel 1 APB 
is shown below. 


Queue Location is a two byte field provided as locating conven- 
ience for the CPU. The queue field is not used by the channel 
and is passed back to the system at the end of the channel 
operation. 


Command is a one byte field containing the operation to be per- 
formed: 
Command byte = x xX XX 
Y ¥ 

| | yvread sector 

| write sector 

| format track 

| read sector with header and CRC * 
| do not use 

| reset controller/recal drive 

| disable retries ** 

do not use 


X X X XK X 
eo ee 
fea Fos | 
mY 2h a 
Pew od | 
| | | 
Ps il 
| 


* The ‘read sector'bit must also be set. 
** Use only with read or write sector operations. 


Read, write, and format operations contain an implied seek. 
Issue a ‘read sector' with sector count = 8 and byte count = @ to 
perform an explicit seek. Issue a 'read sector' command with 
sector count = 1, byte count = 9, and a valid sector number to 
perform an explicit seek with verify. 
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Status is a one byte field containing the status of the operation 
just performed: 


Status byte = 
| 
recal error 

| system memory parity error 
| bad sector 
| record not found 
| cyclic redundancy check (CRC) error 
| power fail 
write fault 
peration aborted 


X X X X XK XK X 
ive fo Oh Tad 
a A a oe 
Mr Be ae St 
a 
| | 
| 


Xx 
| 
| 
| 
| 
| 
| 
| 
| 

) 


A returned status of @@h indicates operation complete with no 
errors. ; 


Cylinder is a word quantity specifying the starting cylinder for 
the operation. The cylinder number of the last sector processed 
is returned at the end of a normal or an aborted operation. 


Drive/Head is a one byte field containing drive select and head 
select parameters: 


Drive/Head byte = X X X X X X X X 
ot ote es em eS 
Yk te et do 
Paik na? Ho ake 
L oe ot Gig 
i | tt | head select ®h Fh 
1! | | drive @ select 
| | drive 1 select 
| not used 
not used 


The drive/head field reflects the current head selected at the 
end of an operation. 


Sector is a binary coded byte directing the starting sector of an 
operation. Valid sector numbers are 90h to OFh or sixteen sec- 
tors. The value of the last sector read is passed back at the 
end of a normal operation. The cylinder/head/sector fields pas- 
sed back at the end of an abnormal completion (RNF error, CRC 
error) indicate the location of the problen. 


Byte Count is a word containing the total number of bytes to be 
transferred over the multibus during the operation. A quantity 
less than one sector (512) is valid. 


System Memory Address is a two word pointer to the system memory 
location to be read or written. 


Sector Count is the number of sectors (up to 16) to be processed 
by the operation. 
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Retries field is valid for read or write sector operations. The 
initial value set by the CPU should be 98h. The number of re- 
tries necessary to complete the operation is passed back at the 
end of the operation. All errors were recoverable if the opera- 
tion was not aborted. 


The return parameter block (RPB) pointer, located in the CCB, 
will determine the location in system memory for the parameter 
block passed to the system after each completed operation. 


A channel 2 (magnetic tape unit I/0) APB contains information 
required for tape operations. 


DiskI/O 


Normal hard disk I/O operations may start as soon as the APBs for 
each drive have been loaded. If you have one drive, the command 
byte for the second drive is zeroed in the APB for the second 
drive. During operation, the channel will read the APB and zero 
the command byte and allow the CPU to enter the next drive access 
command. The original APB, with status and retry fields updated, 
will be written to the location specified by the return pointer. 
The CPU will acknowledge return of the return pointer by zeroing 
the CCW. The channel will interrupt the CPU each time an opera~ 
tion PB is returned. The CPU will acknowledge each interrupt by 
changing the CCW and issuing the next channel attention. A 
channel attention is not necessary for each disk access. When 
the channel APB has been completed, the CPU will check for a 
channel 1 (or 2) busy byte, and, if the channel is busy, a 
channel attention is not necessary. The I/O processor will 
automatically check for commands in the APB when an operation is 
complete. The command field of the APB should be updated last to 
protect from race conditions. 


Automatic Retry 
The hard disk channel (1) will perform transparent operation 
retries unless bit 6 of the command instructs otherwise. The 
algorithms for retry upon error are as follows: 

CRC error: Read three more times and abort. 


Record not found: reset controller, recal drive, seek and 
try again, abort if not found. 


Bad sector: try three more times and abort. 


Write fault: deselect drive and reselect. Reset controller 
recal drive, seek and try again. 


Power fail: abort and pass back status immediately. 


Parity error: abort and pass back status immediately. 
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The channel will abort an operation and pass the parameter block 
back to the CPU with status indicating operation aborted and the 
error when a retry operation fails. The return PB will indicate 
how many retries were required to complete the operation and the 
last soft error if the retry was successful. The abort status 
bit will not be set if the retry was successful. 


Disk Track Formatting 
An image of the track sector headers must be built in memory 


before formatting the disk tracks. The headers contain four bytes 
as follows: 


OFEH Identifies a sector header 
OxxH Cylinder number (low byte) 
OxxH Head/bad sector bit/cylinder number I da bits) 
O9xH Sector number (9@h to @Fh) 


Head byte = X X X X X X X X 
Td ot Se eS Be 
1 | tt ¢ | upper three bits of cyl. no. 
1 {| | | bad sector bit 
head nybble 


Sixteen sector headers are located consecutively and contiguously 
in memory. The system memory address in the APB must point to 
the location of the sector headers in memory. 


4.8.3 Altos Eight~Inch Hard Disk Controller 


The hard disk controller circuits are shown on dwg. 625-12246- 
901, sheets 3 thru 7. The controller circuits provide control 
for one or two SA1880 compatible eight inch hard disk drives. 


Data is stored on the disks in blocks or sectors of 512 bytes 
identified by cylinder, head and sector numbers. The address for 
each sector is written previously (by a FORMAT command) the 
beginning of the data field. When reading from or writing to the 
disk, this address is read and verified before the data field is 
read or written. A correct match must be found for the address 
and its check bytes before the sector can be written or read. 


The general procedure to read or write data is to first position 
the heads over the desired cylinder via a SEEK command, load the 
head and sector numbers into the appropriate ports and finally 
issue a READ or WRITE command. When the correct sector is found, 
the data is transferred between disk and memory under control of 
the I/O processor. 


The controller is addressed via four I/O ports. Table 4-24 
summarizes the port usage. 
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Table 4-24. Rigid Disk Controller Port Usage 













ffd2 
ffdg 


xX 
Data 


Drive and head numbers 

Old cylinder number (in two 
bytes), sector number and data 
New cylinder number (in two 
bytes) 
Commands 


ffd4 Status 2 


££Fd6 Status l 


Commands 


Port ffd6 is the command port when writing and the status 1 port 
when reading. There are seven commands that may properly be 
issued: 


RESET - initializes the controller circuit. A reset is done 
automatically at power on and is not normally required 
thereafter. 


RECAL - commands the heads to be positioned over track zero. 
This must be done for each drive following power on 
before any disk access is attempted and thereafter as 
part of the error recovery routine. 

SEEK - causes the heads to move from the programmed "old 
cylinder" to the programmed “new cylinder". 


READ +ID - is the command to read the addressed sector off 
the disk, transferring the three byte header followed 
by the data sector. This command is useful for 
validating operation of the disk controller. 


READ - is the command to read the addressed sector from the 
disk. 


WRITE - is the command to write to the addressed sector on 
the disk. 


FORMAT - is the command to format an entire track. This 
consists of writing out the address or header for each 
sector on the specified (by cylinder and head) track. 

REZERO - This command causes the drive to do an internal 
recalibration of the head positioning circuitry at 
track zero. 


Command bits are shown in Table 4-25, 
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Table 4-25. Rigid Disk Controller Commands (Port FFD6H) 


mee See 





Bit number 





NULL 





6 @ 668 6 BB B 
READ 6 8@ 6 6 86 6 6 1 
WRITE 6 @ @ @ X 6 1 B 82 
FORMAT 69 6 @ @ X 1 B ®@ 4 
READ+ID a ee ae) ee ee) ee Se | 09 
SEEK 6 @®8®d1lxk 6 @8 B 18 
RECAL 69 @ 16 Xk 8 BD B 20 
REZERO i188 Xk ® 8 8 40 
LoS “eo, ek 2. 2S 





RESET 80 


A drive must be selected and READY must be true before a command 
is issued. No more than one command may be issued at one time. 
Status is set to busy when a command is issued and returned to 
not busy (except READ and READ+ID) when the command is completed. 
The status 1 port must be read to clear the status register and, 
after READ or READ+ID, clear the state machine. A SEEK or RECAL 
will cause the system to hang if READY is not true. 


If more than one command is outstanding (i.e., a second command 
is issued before the first is completed), both commands will be 
aborted. A command will abort if a drive is not selected and 
ready. 


Status 


The status 1 byte reports on the status of the drive and control- 
ler. The meanings of the various bits are detailed below and in 
Table 4-26. 


READY - indicates that the selected drive is powered and up 
to speed. No command should be issued until a drive is 
selected and ready is true. 


WRITE FAULT - indicates a disk error during writing. To 
clear a write fault, the selected drive must be de- 
selected then reselected. 


POWER OUT - indicates that a power failure was detected at 
the beginning of a write operation. The write 
operation will not be affected, but subsequent write 
operations should not be attempted. 


CRC ERROR ~- indicates that either the header or data field 
read off the disk was in error. If the operation was a 
write, the error was incurred in reading the header and 
the sector was not written. If the operation was a 
read, then the error could have occurred in either the 
header or data field. If it occurred in the header, 
the operation was aborted and the data field was not 
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read. If it occurred in the data field, the data was 
already transferred before the error was detected. 


RECORD NOT FOUND - indicates that during a read or write 
operation the specified header was not found in four 
revolutions of the disk. This may be caused by a seek 
error or incorrectly specified head or sector. RNF 
during a read may also indicate that the data sync 
field (zeros, "Al" or "F8") was not found even after 
the header was located. This is most likely caused by 
trying to read a sector after it has been formatted, 
but before it was written. 


BAD SECTOR - indicates that the sector to be read or written 
was previously specified as a bad sector. A sector is 
flagged as bad during formatting with a one at bit 3 of 
the header byte. Good sectors have a @ in this bit 
position. 


MEMORY PARITY ERROR - indicates that a parity error occurred 
during a read access to system main memory over the 
multibus. The bit should be checked to verify there 
were no read errors. The bit is latched and is not 
cleared until the system is reset or until a command is 
issued to the controller. 


BUSY - indicates that the controller is in the process of 
carrying out an operation. This signal will be a 8 at 
the completion of an operation. 


Table 4-26. Rigid Disk Controller Status 1 Byte (Port FFD6H) 


Mnemonic | 









Meaning 
















Selected drive is ready 
Write fault (from drive) 
Power out 

CRC error encountered 
Record not found 

Bad sector encountered 
System memory parity error 
Busy 


QeNW fb o1o~] | 


The status 2 byte is used to verify that the controller write 
precompensation is correct for the drive installed. Status byte 
2 also provides information that the heads are at track @ or have 
settled after a seek operation. Bit definition of status byte 2 
is shown in Table 4-27. 


SEEK COMPLETE - indicates that the heads of the selected 
drive are settled down and ready to write or read. 
SEEK COMPLETE is false while the heads of the selected 
drive are seeking. 
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TRACK ZERO - indicates that the heads of the selected drive 
are at track zero, the rest position which follows a 
recalibration. 


S4-Sl1 - Verifies precompensation and type of drive installed 
by decoding bits S4-Sl. Refer to the section on write 
precompensation. 


Table 4-27. Rigid Disk Controller Status Byte 2 (Port FFFD4H) 


Mnemonic 


Meaning 











Set precompensation for 
drive. 


Seek complete 
Track zero 


QEeNHWhUD~!] 





New Cylinder Number 


Port FFD4 is used to specify the new cylinder number. This is 
entered in two consecutive bytes, the low order eight bits first, 
then the high order three bits. Table 4-28 details the bit 
assignments in the port, 


Table 4-28. Rigid Disk Controller New Cylinder 
Number (PORT FFD4H) 









Bits of Port FFD4H 
6 5 4 3 2 

Least significant 
Most significant 





Old Cylinder Number, Sector Number, Data 


Port FFD@H has multiple functions. Before doing a SEEK the old 
cylinder is entered into this port (in the same manner as the new 
cylinder). Before doing a READ or WRITE the sector number is 
entered into this port, and when data is being transferred bet- 
ween disk and memory it is done through this port. Care should 
be exercised to insure that the correct data is present in port 
FFD@H before issuing any commands. Specifically this port should 
contain the old cylinder number before issuing a SEEK command and 
the sector number before issuing a READ or WRITE command. 
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Drive and Head Select 


Port FFD2H is used to select the drive and head to be used. The 
heads are selectable in a binary sequence (limited by the number 
of heads on the drive). Only one of the drives should be selected 
at any time. Table 4-29 gives the details of the bit assignments 
for this port, 


Table 4-29. Rigid Disk Controller Drive/Head Byte (Port FFD2H) 







Function 












u UNSCLR Unsafe clear 

6 none 

5 DS2 Drive select 2 

4 Dsl Drive select l 

3 HS3 not pinned out 

2 HS2 Head select bit 2 
1 HS1 Head select bit l 
G 


HS1 Head select bit @ 





Recalibrate (RECAL) the Drive 


The disk drive heads must be positioned to a known location over 
cylinder zero before a SEEK operation. A recalibrate operation 
is performed at power-up by the Quantum drives. Seek errors 
require that additional recalibrate operations be performed 
during error recovery routines, 


The drive is recalibrated by selecting the drive, checking that 
READY status is true, and issuing RECAL command 2@h to port ffd6. 
The BUSY status bit will be true while the heads are seeking to 
track zero and be false when the heads are properly positioned. 


The drive should always be selected before issuing any command. 
When a command is issued without a drive being ready, the 
controller will wait until the selected drive becomes ready 
before the operation is carried out. Then at the completion of 
the operation an interrupt is generated. However issuing a SEEK 
Or RECAI command to a drive that is not ready will cause the 
controller to hang in a state that does not return an interrupt. 
The system must be reset in order to clear this condition. RESET 
does not generate an interrupt neither does selecting or 
deselecting a drive. 


Seek to a Cylinder 


The disk drive heads are moved to the desired cylinder by the 
SEEK command. The old cylinder number is loaded to port ffd@ 
(old cylinder number is 900 after a RECAL), the new cylinder 
number is loaded to port ffd4, and a SEEK command issued to port 
ffd6é. The BUSY status bit will be true while the heads are 
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Ww 


seeking the new cylinder and be false when the heads have arrived 
at the new cylinder and have settled. 


Formatting the Drive 


Since these drives are soft-sectored, an entire track must be 
formatted to keep the proper timing relationship among the 
sectors. Formatting of a track destroys any data on the track, 
so if the header for a sector ever needs to be changed (such as 
marking a sector as a BAD SECTOR) all the data on that track must 
be backed off of the disk before formatting. After the track has 
been formatted the data may be restored. 


The formatting procedure is as follows: first the heads must be 
positioned to the desired cylinder using the SEEK command. Then 
a header image consisting of four bytes ( an “@FE hex", cylinder 
number, head number, and sector number) must be placed in memory 
and written out to the disk by the controller as each sector 
arrives under the head during one rotation of the disk. The 
cylinder number in the header must agree with the cylinder that 
the heads are on and the head number must agree with the selected 
head. However, the sector number can be any unique number 
between 8 and 255. This permits the staggering the sectors if 
required. The processor must be programmed for a four byte 
continuous transfer. The header image is shown in Table 4-30. 


Table 4-38. Rigid Disk Controller - Header Image 





Description 





Byte name 













"OFE hex" 
Low order bits (7-8) of the cylinder 
number 

Head bits (3-8) in the top four bits, 
a bad sector flag at bit 3, and high 
order cylinder bits (A-8) at the 
bottom three bits 
Sector number in hex 


Sync byte 
Cylinder byte 


Head byte 


Sector byte 








Head byte: 


7 6 5 4 3 2 1 i) 





HD3 HD2 HD1 HD@ Bad CYA CY9 CY8 
Sector 





The FORMAT command must be issued to write the header. When that 
header has been written out, an interrupt is generated. Then the 
header image must be updated to the next sector number (only the 
sector numbers change down the track) and a new FORMAT command 
issued before the next sector arrives at the head (928 
microseconds for a 512 byte sector). The program must issue one 
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FORMAT command for each sector on the track. It is the 
responsibility of the program to issue the correct number of 
FORMAT commands (16) and stop issuing commands when the last one 
for that track has been issued, When the program stops issuing 
FORMAT commands, the controller will automatically start writing 
a gap pattern from the end of the last sector to the physical 
index mark and will issue another interrupt when the index is 
detected. It is the responsibility of the program to read the 
status register and expect the additional interrupt at the end of 
each track. This can best be done by issuing a NULL command 
after the interrupt from the last FORMAT command has been 
received. This process must be repeated on each track and each 
cylinder to format the entire disk. 


One track will accommodate 16 sectors at 512 bytes. The sector 
size is determined by jumpers on the controller at S2. Two 
jumpers are used and both must be in the 512 position. 


The controller fills in every byte of the data field with "@4E 
hex" at the time of formatting. Following the formatting of a 
track, any attempt to read a sector on that track that has not 
been specifically written to will result in a record not found 
(RNF) as the sync bytes will be missing for these sectors. 


Each sector must subsequently be written to with some other data 
(i.e, "OE5 hex" to initialize the sector for CP/M, or MP/M). Any 
data stored on a track is destroyed when that track is formatted. 


Read a Sector 


Prepare a buffer area in local memory in which data from the 
disk may be located. Instruct the I/O processor to transfer 512 
bytes from port FFD@H to local memory. 


Issue a seek command to position the heads over the desired 
cylinder. Load the head/drive number to port ffd2. Load the 
sector number to port ffd@. Issue a READ command (a 298- 
microsecond delay is required between selecting head/drive and 
issuing a READ command). The controller will locate the sector 
on the specified track by comparing the header images as they 
pass under the head against the bytes stored in ports ffd9 
(sector number), ffd2 (head number), and ffd4 (new cylinder 
number). 


The data transfer is directly to memory when the controller and 
drive locate the desired sector. The READ command is cleared 
when the transfer is complete. The I/O processor must read the 
status 1 byte to clear the BUSY status when the correct number of 
bytes have been transferred. 


The I/O processor will be interrupted if a CRC, RNF, or bad 
sector error is encountered. The status 1 register must be read 
to determine error type. Data is not transferred to memory if a 
RNF or bad sector error occurred. Data may have been transferred 
to memory if a CRC error occurred depending upon whether the CRC 
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error was in the header or data field. Data transferred during a 
CRC error is questionable. Error recovery algorithms are des- 
cribed in section 4.8.2. 


Write a Sector 


Prepare a buffer area in local memory in which data from system 
memory may be located. Instruct the I/O processor to transfer 
512 bytes from local memory to port FFD@H. 


Issue a seek command to position the heads over the desired 
cylinder. 


Load the head/drive number to port ffd2. Load the sector number 
to port f£d@. Issue a WRITE command (a 28-microsecond delay is 
required between selecting head/drive and issuing a WRITE com- 
mand). The controller will locate the sector on the specified 
track by comparing the header images as they pass under the head 
against the bytes stored in ports ffd# (sector number), ffd2 
(head number), and ffd4 (new cylinder number). 


The data transfer is directly to disk when the controller and 
drive locate the desired sector. The WRITE command is cleared 
when the transfer is complete. The I/O processor must read the 
status 1 byte to clear the BUSY status when the correct number of 
bytes have been transferred. 


The I/O processor will be interrupted if a CRC, RNF, or bad 
sector error is encountered. The status 1 register must be read 
to determine error type. Data is not transferred to disk if an 
error occurred. 


The sector register in port f£d9 will be overwritten with data 
during the write operation. A sector number must be reissued to 
port f££d@ before the next read or write command. The new 
cylinder number must be reloaded in port £fd4 when switching 
between drives, even if a seek is not required. 


Read a Sector Header 


The READ+ID operation will read a sector header and the sector 
data. The READ+ID is useful as a diagnostic operation to verify 
that known data (header bytes) may be verified to assure proper 
operation of the local memory buffer and transfers to system 
memory. The controller will return a RNF error unless the header 
on the addressed cylinder matches the bytes in the cylinder, 
head, and sector registers and the header information will not be 
passed to the system. The READ+ID can not be used to determine 
the current cylinder. 


Multi-sector Read and Write Operation 
The controller is capable of performing physically consecutive 


sector read or write operations. A gap of 66 bytes is inserted 
between the end of a sector data field and the sync field of the 
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next sector (refer to Disk Data Format). The disk drive speed 
variance (+/-3%) requires 36 bytes, a 38 byte period (48 micro- 
seconds) is available for the program to initiate a read or write 
command before the next sector arrives at the disk drive head. 


A 16 byte gap is inserted at the beginning of each track to allow 
time to switch heads from one track to another within the same 
cylinder when performing a multi-track read or write operation 
(refer to Disk Data Format). The time for one disk revolution 
(28 milliseconds) will be lost if the heads require repositioning 
to an adjacent cylinder during a multi-track read or write 
operation. The status bytes are cleared by writing to the 
command register. The I/O processor can compare the contents of 
the status register after each multi-sector read or write opera- 
tion rather than transfer the contents to memory. The status 
byte is available for analysis if the status is not correct. 


Disk Data Format 


Each track of the hard disk contains 16 sectors of 512 bytes with 
header and sync bytes plus various gaps to properly time the read 
and write operations. The disk data format is shown in detail in 
Table 4-31. 


Table 4-31. Hard Disk Data Format 


No of bytes | Character 


(Start at Index Pulse) 
"4B" 














"99" Written out 16 times 
"Al*" for 512 byte sectors 
"FE" during format 
cylinder byte 

head byte 

sector byte 

CRC bytes 

"99" 










"9" Written out during 
"A1** a write operation 
apg 

(Data) 

CRC bytes 

agg" 







(as reqd) 
(Stop at Index Pulse) 
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~S 


Bad Sectors 


The controller has the capability of flagging bad sectors. A 
sector may be flagged as being bad by entering the appropriate 
bit (bit 3 in the header byte - see Table 4-31) in the header 
during the format operation. Thereafter, when such a sector is 
accessed, writes and reads will be aborted and a BAD SECTOR 
status reported. Note that a BAD SECTOR status is not reported 
just because the accessed sector is bad, but because it has been 
flagged as being bad. The usual status returned when reading a 
sector that has a defect but is not flagged is a CRC error. 


The reason for flagging a sector as bad is that the recording 
media occasionally contains flaws that do not permit reliable 
writing and reading in certain areas. By marking those sectors 
containing known flaws as BAD SECTORS the diagnostic that tests 
the disk drive can distinguish between defective media and a 
failure of the drive or controller to operate properly. 


Quantum provides media defect information in terms of byte offset 
from index. The exact location of a defect cannot be determined 
due to variation in the disk rotational speed (+/-3%). A media 
defect may overlap adjacent sectors and both sectors must be 
flagged as bad sectors. A conversion from byte offset to Altos 
sector number is shown in Table 4-32. 


To avoid the delay in seeking to a sector only to find that it is 
bad, and to get around the problem that may occur if a defect 
occurs in the header of a sector (in which case the BAD SECTOR 
flag may not be recoverable but rather a RNF status would be 
returned), it has been proposed that cylinder 9 (guaranteed to be 
defect-free) be used to store the bad sector table which the 
operating system would check before writing or reading a sector. 
Another approach is to assign dummy files to the sectors that are 
bad so that the operating system would not try to access then. 
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Table 4-32. CONVERSION TABLE - BYTE OFFSET TO ALTOS SECTOR NUMBER 








BYTE OFFSET ALTOS SECTOR NUMBER(S) 
0 - 14 - 

15 - 589 4) 

590 - 632 - 

633 - 1231 1 
1232 - 1249 - 
1258 - 1867 2 
1868 - 1874 2 and 3 
1875 - 2484 3 
2485 - 2516 3 and 4 
2517 - 3162 4 
3193 - 3159 4 and 5 
3168 - 3719 5 
37209 - 38981 5 and 6 
3892 - 4336 6 
4337 - 4444 6 and 7 
4445 - 4954 7 
4955 — 5887 7 and 8 
5888 - 5571 8 
5572 - 5729 8 and 9 
5738 - 6189 9 
6198 - 6372 9 and 16 
6373 - 6886 19 
6887 -—- 7015 19 and 11 
7016 - 7423 11 
7424 —- 7657 11 and 12 
7658 - 8841 12 
8842 - 8300 12 and 13 
8301 - 8658 13 
8659 - 8942 13 and 14 
8943 - 9276 14 
9277 - 9585 14 and 15 
9586 - 18228 AS 

Power Out 


To prevent extraneous writes to the disk when the power goes off, 
the controller has a sensing circuit that deselects the drives 
when the +5 volt supply falls below +4.5 volts. This circuit does 
not guarantee, however, that data being written to a sector will 
not be lost if power goes off. To insure against such a loss, 
the system should be powered down only when no writing is being 
done to the disk. 


Write Precompensation 


Four jumpers at Sl, S2, S3, and S4 establish the track number at 
which write precompensation begins. The precompensation point is 
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decoded by PAL 7C. The state of the four jumpers may be decoded 
as a status byte to determine the type of hard disk drive 
installed. 


4.8.4 Magnetic Tape Drive Interface 


A magnetic tape unit interface is incorporated in the intelligent 
hard disk/tape controller circuit board. The interface provides 
data and control signals to a DEI Funnel Tape Transport with the 
codec and controller options installed. Channel 2 of the 8889 
processor is used to provide control and data signals. The inter- 
face consists of port B of Multi-Protocol Serial Controller 
(MPSC) circuit 2A (dwg. 625-12246-681, sheet 8) and Programmable 
Peripheral Interface (PPI) circuit 3A. The MPSC serializes and 
deserializes the data as well as controlling and monitoring the 
tape drive send/receive readiness, 


Tape motion, drive select, and track select are performed through 
the PPI. Port A of the PPI is used to select the drive and 
track. The bits have been assigned to the port to permit each 
four bit nibble to contain the true binary value for the drive or 
track to be selected. The DEI tape transport numbers drives from 
one to eight and tracks from one to four. Port B is used to read 
the status of the tape transport. Port C is used to control tape 
motion. The I/OP initialization routine initializes the PPI by 
writing to the PPI control port. 


4.8.5 Software Interface to the Tape Controller 


Channel 2 of the I/O processor is used to operate the DEI tape 
controller, Concurrent use of the hard disk and tape is not 
supported as each requires the full bandwidth of the I/OP local 
bus. In order to use the tape, the task program pointer in the 
channel 2 PB must contain the address of TAPE89, an offset from 
the beginning of INT89CON. There is no need for input command 
buffering with the tape therefore only one PB area is needed. 
The parameter block is filled in, a CCW is inserted in the I/OP 
channel 2 CCB, and channel 2 attention (@FFFF#Hh) is signalled. 
The channel 2 busy byte will indicate a completed operation. 


Tape Controller Parameter Block 


Requests are submitted to the tape controller via the 8889 chan- 
nel 2 parameter block (PB). The PB format is shown below: 


Task program pointer - must point to the tape task program (Intel 
double-word). Whenever the task program resides in I/O processor 
local memory the entire address must be contained in the first 
word. 


Command byte - tape drive commands. Refer to Tape Command Byte 
Format. 
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Drive status byte - returned by the channel at the end of an 
operation. The CPU should initialize this byte to OFFh. 


Header address is an Intel double-word standard. Must point to 
header area in system memory. Header size is 14 bytes. Refer to 
Record Header. 


Header segment byte defines which megabyte of system memory the 
header resides in. Zero is lowest. 


Data segment byte defines which megabyte of system memory the 
data is to be read or written. 


Data address is a double-word pointer to start of data block in 


system memory. Size of the data block is determined by the 
transfer length field. 


Transfer length is a 16 bit field containing the number of bytes 
of data in record excluding header. Must be an even number. 


Extended status is a returned byte feild giving further insight 


to a tape problem should it occur. Refer to Extended Status 
Description. 


Track byte instructs the controller to select the proper head on 
the drive. 9-3 are valid tracks. 


Tape Command Byte Format 


Tape command = 


1) 
| hi speed skip to end of tape 
| rewind tape 
| space reverse 
| space forward 
| read record 
| write record 
erase block 
eek (read record without passing back data) 


XX XXXXXb 
bat Tedd 

ogg 

2 aa, 
Cdr | 
| | 
| 


xX 
| 
| 
| 
| 
| 
| 
| 
| 

S 


Read drive status = 9@h 
Tape Command Descriptions 


Read drive status---reads and returns the drive 
status only. 


Skip to EOT---issues the skip command to the drive 
and returns immediately. A read drive status must 
be performed and the tape busy bit checked to 
determine if the operation is complete. 
Rewind---issues the rewind command to the drive and 
returns immediatly. The busy bit in the drive 
status will indicate completion. 
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Tape 


Space reverse---will space backwards over the 
number of tape records specified in the transfer 
length feild of the PB. 


Space forward---does the same in the forward 
direction. 


Read record---will attempt to read the next record 
to pass under the head. 


Write record---will write a record. 


Erase block---Turns on the erase head and moves 
tape. This command will erase approximately 4k 
bytes worth of tape. 


Seek---is identical to the read command except that 
no data or header is passed back to the host. 
Header is returned if the read bit is also set. 


Drive Status 


Drive status = 
bey 
| not used 
| tape drive busy 
{| not used 
| tape not write protected 
| beginning of tape 
| end of tape (early warning) 
|] ifo error, operation aborted 
drive ready (tape is inserted) 


XXXXXXXXb 
ba kt aol 

Li ah a? al 

ae alka 
Let il 
it 
4 

| 


Extended Tape Status 


The extended tape status field in the parameter block need not be 
checked unless the abort operation bit is set in the drive status 


byte. 


9Bh---drive not selected. 
Olh---tape did not become ready. 
O2h--~initial value for any operation. 


83h-~--bad CTS (true for read or not true for 
write). CTS indicates that the erase head is on. 


04h---did not get carrier from the drive. 
O95h---never realized synchronization with drive 
data, 

96h---CRC error. 


97h---premature carrier on write. 
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@8h---backspaced into the loadpoint area. 


09h---transmitter has timed out. Possibly missing 
transmitter clock. 


@Ah---loss of carrier during read. 
@Bh---transmitter underrun. 


®Ch---drive did not become busy after a motion 
command. 


O@Dh--~-receiver overrun. 
@Eh---spaced forward into end of tape region. 


OFh---drive became not busy during execution of a 
command. 


Record Header 


The following is a description of the 14 byte header that must be 
appended to each tape record. 


lst word CRC seed area §25EAh 

2nd word Record type * (see below) 

3rd word Record size length (in bytes) 
of data field 

Word 4 & 5 Record number record number on 
tape (start with 
one) 

Word 6 & 7 Reserved 

* Record types are: 08h This is a data record 


lh This is a tape mark 
02h This is the end of track mark 


NOTE 


All records on any one tape should be uniform 
length (between 2 and 8 k is optimum) in- 
cluding tape marks and end of track marks. 
The tape controller will ‘sense’ tape marks 
and end of tape marks (via the record type in 
the header) and take care of all data require- 
ments for them. That is the controller will 
supply its own data on writes and will not 
pass back any data on reads. 
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Tape I/0 


Tape I/O operations can start when the channel has been 
initialized. This is accomplished by filling in the tape PB with 
the appropriate information (command, header and data addresses 
and segments, transfer length, and track), signalling channel 2 
attention, and polling the channel busy byte (or waiting for the 
interrupt to return, if used) indicating the operation is com- 
plete. The ‘error-abort' bit in the drive status field should be 
checked on return and, if set, the other bits of drive status 
plus the extended status can be checked for more information on 
the problem. If the bit is clear (8) it can be assumed the 
operation was completed normally. 
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APPENDIX A: 


INTELLIGENT SERIAL I/O CONTROLLER SPECIFICATION 


WARNING 


The Board described in this appendix is used 
on several systems. Features described here 
may not all be used in the ACS68898 systen. 


A.1 INTRODUCTION 


The Intelligent Serial I/O Controller (SIOC) includes a Z80A 
microprocessor with eight serial channels under its control. The 
processor communicates with the host via main memory and a pair 
of interrupt lines. The host may interrupt the Z8@A and the Z80A 
may interrupt the host. This board is intended to offload the 
host processor such that the majority of character interrupt 
processing may be handled by the SIOC. This should allow the 
host processor to devote more of its power to higher level tasks 
and handle more users ina more timely fashion. 
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A.2 FUNCTIONAL DESCRIPTION 


The SIOC consists of a Z8@A microprocessor, four Z89A SIO dual 
serial controllers, 4KBytes of EPROM, 2 Kbytes of static ram, 2 
timer ICs, a Multibus interface, and associated control logic. 
The hardware supports eight serial channels capable of operating 
in asynchronous mode at all standard baud rates between 119 baud 
and 38.4 Kbaud. Each serial channel has a corresponding program- 
mable timer for baud rate generation to allow for independent 
baud rates. The EPROM is intended to hold the control program 
for the Z89A, since execution from main memory is not suggested. 
Extra control logic is required for the Multibus interface to 
allow the full 16 Megabyte addressing provided by the bus speci- 
fication. 
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A.3 Z88A Interrupts 


The Z89A processor may be interrupted by a total of 18 sources. 
The eight serial channels are all connected to the INTR line, and 
each can be considered a source of interrupts. The four SIO 
devices are daisy-chained together such that the Z88A vectored 
interrupt mechanism may be used to differentiate these 
interrupts. This assumes that the SIOs are programmed to 
generate vectors, and that the Z89A is programmed for interrupt 
MODE 2. 


Two other interrupt sources are tied to the NMI pin. These two 
sources consist of a decoded address from the host processor 
expected to be used as a channel attention, and a ‘memory error' 
Signal generated by hardware in the main memory controller when 
an uncorrectable memory error is detected while accessing main 
memory. The memory error signal is also connected to the SOURCE 
4 input of the second timer IC. This allows differentiation 
between the two NMI sources by polling the timer to see if a 
memory error has occurred. 
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A.4 BAUD RATE TIMERS 


Each serial channel has a dedicated timer for generating its 
transmit/receive baud rate clock, The ICs used for these timers 
are AM9513 system timing controllers. The crystal inputs of both 
timer chips are driven at 1.8432 MHz. This input frequency 
allows operation of the serial channels at all standard baud 
rates between 58 baud and 38.4 Kbaud. The divisors to be used 
for these rates are listed in the Table A-l. 


Table A-l. Baud Rate Divisors 











Baud Rate Divisor 
38.4 K 3 
19.2 K 6 
96808 12 
72090 16 
4800 24 
3609 32 
2460 48 
20008 58 
1888 64 
1208 96 

600 192 
300 384 
158 768 
135 853 
1198 1947 
75 1536 
58 2304 
NOTE 


These values assume that the SIO channels have 
been programmed for clock rates 16 times the 
baud rate. 


In addition to the standard baud rates avail- 
able as listed above, serial channel #6 has 
provisions for external clocking on both 
transmit and receive to support Bisync. 
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A.5 MULTIBUS INTERFACE 


A Multibus interface on the SIOC allows communication with the 
host processor via main memory. All memory accesses above the 
address of 32K (8890H), are mapped into main memory. Address bit 
15 from the Z89A is used for decoding this mapping, while all of 
the lower address bits (A® - Al4) are passed to the bus. All 
upper address bits on the bus (Al15 - A23) must be generated by 
external hardware. A write-only port (HIGH BYTE) is used to 
generate the upper 8 address lines (Al6 - A23), while a bit out 
of the control port is used for address bit 15. This allows the 
SIOC to access all of the memory in the Multibus memory address 
space of 16 megabytes. 


In addition, a bit out of the control port is used to lock the 
system bus when a test-and~-set function is required. This bit 
causes the Multibus Arbiter to lock the bus whenever possession 
is gained (i.e., either immediately or on the next Multibus 
access). This means that no other bus master will be allowed on 
the bus until this bit is reset. Caution is advised when using 
this function as system throughput may be adversely affected. 


A.6 I/O PORT ADDRESSES 
I/O port addresses are shown in Table A-2. 


Table A-2. SIOC I/O Port Addresses 





Serial Channel 8: 





Data Register 0999H 

Command Register §001H 
Serial Channel 1: 

Data Register §902H 

Command Register §003H 
Serial Channel 2: 

Data Register . 00044 

Command Register 0805H 
Serial Channel 3: 

Data Register 8906H 

Command Register 00907H 
Serial Channel 4: 

Data Register 0908H 

Command Register 0909H 
Serial Channel 5: 

Data Register 08 9AH 

Command register 999BH 
Serial Channel 6: 

Data Register 099CH 

Command Register 999DH 
Serial Channel 7: 

Data Register §90EH 

Command Register OO0FH 
Timer (9513) @: 

Data Register 6019H 

Command Register §011H 
Timer 1: 

Data Register 0014H 

Command Register 9015H 
Control Port (write only): §918H 
High Address Port (write only): §901CH 

NOTE 


No other I/O addresses may be used, as these 
addresses are not uniquely decoded and other 
addresses may cause conflicts. 
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A.7 SERIAL CHANNEL DESCRIPTIONS 


IOC serial channel descriptions are shown in Table A-3. 


Table A-3. SERIAL CHANNEL DESCRIPTIONS 








Channel SIO Port AM9513 Timer Priority 
) ) A ) a Highest 
1 ) B ) 2 
2 1 A i) 3 
3 ut B ) 4 
4 2 A ) 5 
5 2 B 1 1 
6 3 A Aa 2 
7 3 B 1 3 Lowest 





A.8 CONTROL PORT BIT ASSIGNMENTS 


Bit 


Name 


ADR15 


INTOUT 


LOCK 
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Function 


This bit is used to replace A15 
from the Z8@A when accessing the 
Multibus. 


This bit is used to generate an 
interrupt to the host processor, 
Since the interrupts are edge 
triggered, this bit should be 
toggled to guarantee that a new 
interrupt is seen by the host. 


This bit is used to lock the 
Multibus so that a test-and-set 
function may be implemented. It 
Must be reset to allow other 
Masters to acquire the bus. 


GLOSSARY 
A 


Accumulator. A register or set of registers where most 
arithmetic functions are performed. 


Acoustic Coupler. A device for coupling a computer with a 
telephone handset for transmitting data. 


Acronym. A word made from the initial letters of a name, for 
instance, SIOC, from Serial I/O Controller. 


Address. A number that designates a location in the computer 
memory. 


Algorithm. Arithmetic. A specification of the solution toa 
problem. A problem is conceived, an algorithm is devised for its 
solution. 


Alphanumeric. The set of all alphabetic and numeric characters. 


Analog. A continuous~value representation of a physical 
quantity. (see digital.) 


Analog Signal. A continuous electrical signal representing a 
condition (such as temperature, position, or velocity). Unlike 
a digital signal, which has discrete values, an analog signal 
can be any trequency or amplitude. 


Applications Software. Computer programs written to perform 
actual tasks such as accounts payable or payroll. 


Arithmetic Logic Unit (ALU). The element in a computer that can 
perform the basic data manipulations in the central processor. 


ASCII. American Standard Code for Information Interchange. A 
binary character code used for representing and transmitting 
information. 


Assembler. A computer program that converts user-written symbolic 
(mnemonic) instructions into equivalent machine-executable 
binary object code instructions for execution. 


Assembly Language. A computer language made up of simple words 
(mnemonics) that can be easily and quickly translated to machine 
language. Assembly languages were developed in the early 1958s 
to allow programmers to use abbreviated word commands (mnemonics) 
in place of the confusing strings of ones and zeros that form a 
computer's machine language, 
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Asynchronous. Referring to an event or device not synchronized 
with the timing circuit of a computer's central processing unit. 


Asynchronous Transmission. The transmission of computerized 
information by individual characters having start and stop 
signals. Data is transmitted in irregular spurts, where the time 
interval varies between successive transmitted characters. 


BASIC. Beginners All-purpose Symbolic Instruction Code. A 
popular computer language invented at Dartmouth College for 
educational purposes. 


Batch. Batch mode, A processing mode where a program is 
submitted to the computer and the result is delivered back, or a 
group of similar data items or transactions processed in sequence 
as one lot. No interactive communication between program and 
user is possible, 


Baud. A term from telegraphy representing one change of state 
per second. Teletypes, for instance, transmit and receive at 118 
baud. 


Baud Rate, Unit of signaling (in bits per second) used as a 
measure of serial data flow between a computer and/or 
communication devices, 


Benchmark. A set of standards used in testing a software or 
hardware product, or system, from which a measurement can be 
made. Benchmarks are often run on a system to verity that it 
performs according to specifications. 


Bi-directional Printer. A type of printer in which characters 
are printed as the head moves from left to right and from right 
to left. 


Binary. The base two numbering system which uses the digits @ 
and 1. Digital computers store and use information in binary 
forn. 


Binary Code. A system of representing numbers and letters using 
a series of the digits 8 andl. 


Binary Number. Representation of a number in the binary system, 
using a series of zeros and ones. 


Bisynchronous. A method of transmitting computer data which 
allows for multiple error detection. 
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Bit. The contraction of Binary Digit. A bit has a value of 
either zero or one. Bits are universally used in electronic data 
systems to encode information, instructions, and data. Bits are 
usually grouped in nibbles (four), bytes (eight) or words (up to 
64 or more bits). 


Board. A contraction for "circuit board", "printed circuit 
board", or "PC board". A flat piece of rigid material, usually 
made of plastic-impregnated fiberglass or paper, with circuit 
traces ot plated copper. Electronic components are soldered to 
the copper traces, 


Bootstrap. Also Boot. A program used for starting the computer, 
usually by clearing the memory, setting up devices and loading 
the operating system from internal or external input/output 
devices, 


Buffer. A hardware device or area of memory that holds data 
produced by one part of a computer system until another part is 
ready for the data. 


Bug. A mistake in a program or in an electrical circuit. 
Getting rid of the mistake is known as debugging. 


Bus. A group of wires or circuit traces that carry a related set 
of data in parallel, such as an address, throughout the computer 
system. 


Byte. A set of eight bits operated on as a unit. A byte is 
universally used to represent a character. Microcomputer 
instructions require one, two or three bytes. One byte includes 
two nibbles. A byte may have any integer value from 9 to 255 (2 
to the 8th power is 256). 


Card. Also PC Card. A printed circuit board, usually with a 
connector, that is connected to a larger circuit board or other 
hardware 


CBasic. Commercial Basic. CBasic is a compiled computer language 
that has more flexibiiity than Basic. 


CPU. An abbreviation for central processing unit. The circuits 
of the computer that execute the instructions. 


Character. Any letter, number, symbol or punctuation mark that 
can be transmitted as output by the computer, 
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Character Printer. A printer that transfers a fully formed 
letter, number or symbol with each impression stroke. The 
characters are generally more legible than those created by a dot 
Matrix printer. 


Chip. The small piece of semiconductor material containing an 
integrated circuit or device such as a transistor. Chip refers 
to the actual circuit or device but is commonly used to refer to 
the complete package. (see IC, DIP.) 


Circuit Board. See Board. 


Cobol. An acronym for COmmon Business Oriented Language. A 
specific computer programming language using commands resembling 
English by which business data processing procedures may be 
described in a standard form. 


Code. 1. The statements making up a computer program. 2. A 
method of representing something in terms of something else. The 
ASCII code represents characters as binary numbers. 


Command. An message to the computer directing it to perform an 
action. A command may be in the form of words and numbers typed 
on a keyboard, words spoken into a microphone, positions of a 
game paddle or joystick, etc. 


Cold Start. The process of starting up a computer. The process 
includes loading the operating system and loading and starting a 
program. 


Compile. To translate a high-level language into a set of binary 
machine instructions. 


Compiled Program. Usually, a machine-code program produced by 
the action of a compiler and directly executable by the computer. 


Compiler. A computer software program which translates a high 
level language program (the source code) such as Cobol, Pascal, 
Fortran, Basic, PL/1, etc. to a machine-oriented language (the 
object code). More powerful than an assembler, a compiler can 
substitute subroutines as well as single machine instructions for 
certain symbolic inputs. The process of compiling must be 
completed before a program can be run. 


Computer. A device capable of accepting information, applying 
prescribed processes to the information, and supplying the 
results of these processes. It usually consists of input and 
output devices, storage, arithmetic and logic units and a central 
processing unit (CPU). 


Configuration. A group of computer hardware components that are 
interconnected and are programmed to operate as a system. 
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Control Character. Any one of the first 32 characters of the 
ASCII code, obtained from a keyboard by pressing a key while 
holding down the CTRL key. 


Controller. A circuit that usually controls the operation of 
accesory Or peripheral devices. 


CP/M. An abbreviation of Control Program/Monitor. One of the 
more common computer operating systems. 


CPS (Characters per second). A measure of the speed with which 
data is sent or received. 


Crash. A slang term for a system failure due to a non 
recoverable hardware failure. A situation in which the computer 
becomes misdirected or blocked, due to a hardware or software 
malfunction. A head-crash in a disk system refers to the 
accidental impact of the read/write (R/W) head on the disk 
surface. 


CRT. Abbreviation for cathode ray tube. A vacuum tube that uses 
a beam of electrons (the cathode ray) to produce a glowing image 
on a glass faceplate. The glass faceplate is also known as the 
screen. CRTs are used in television sets, oscilloscopes, video 
monitors, and computer terminals. 


CTRL. The control key of the terminal or printer keyboard. 
Cursor. The mark, usually a square or underscore, on a computer 


terminal screen that indicates the location where the next user 
action will take place. 


D 


Data. Information that can be stored in or processed by a 
computer, plural of datum, 


Database. A comprehensive collection of information having a 
predetermined structure (data files) and organization suitable 
for communication, interpretation, or processing; file data for 
easy access, retrieval and update. 


Data Security. Protection of computerized information by various 
means, including cryptography, locks, identification cards and 
badges, restricted access to the computer, pass-words, physical 
and electronic backup copies of the data, and so on. 


DBMS. Abbreviation for Data Base Management System. 


Debug. The process of removing errors (bugs) from programs. 
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Default. The value or action selected by the computer system 
when the user does not select an expected or allowable value or 
action. 


Delimiter. A character that is used to designate the beginning 
or end of a string of characters and that is not considered part 
of the string. Spaces are common delimiters for English words. 
/Computer/systems/frequently/use/other/characters./ 


Device. 1. A circuit component such as a transistor or diode. 
2. Computer hardware such as a disk drive, printer, or keyboard. 
Device is short for "peripheral device", peripheral is also short 
for "peripheral device”. 


Device driver. Also device handler. A program that handles data 
transfers between a peripheral device and the operating system. 
(see device.) 


Diagnostic. A program or routine used to diagnose system 
malfunctions. 


Digit. A single symbol or character used to represent a specific 
quantity of information. In the decimal system, 8 through 9 are 
the symbols used; in the binary system, 9 and l. 


Digital. A discrete representation of a physical quantity. 


Digital to Analog Converter. Also D-to-A or D/A converter, A 
device that transforms digital values to a continuous analog 
Signal in order to relay information to or power some device 
external to the computer. 


Digitize. Convert drawing Or picture information into digital 
form, 


Digitizer. A device which converts coordinate information into 
numeric form readable by a digital computer. 


DIP. Acronym for Dual In-line Package. A standard integrated 
circuit (IC) package with two parallel rows of pins with one- 
tenth inch intervals. 


DMA. Acronym for Direct Memory Access. A computer feature that 
allows peripheral devices to access the memory for both input and 
output operations without affecting the state of the computer's 
central processor. It also pertains to the process of obtaining 
data from or placing data into memory where the time required for 
such access is independent of the location of the data most 
recently obtained or placed into memory. 


Disable. To render a control or process temporarily inoperable, 
while another process takes place. 
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Disassembler. A program that translates machine-language 
instructions into assembly language instructions. The opposite 
of assembler. 


Disk. A flat circular piece of flexible plastic (floppy disk) or 
rigid metal (hard disk) coated with a magnetic substance on which 
information is recorded. 


Disk Drive. The machinery that contains, rotates, writes to, and 
reads from a disk. 


Diskette. A floppy disk. A circular mylar flexible substrate 
coated with a magnetic oxide, rotating inside a special jacket 
that internally cleans the surface, 


Display. V. To exhibit visual information, as on a terminal 
CRT. N. The visual information being exhibited, or formatted 
for exhibition, or the portion of a device which exhibits visual 
information. 


Display Device. A peripheral device that exhibits visual 
information. Used as a generic term which includes television 
sets, video monitors, liquid crystal displays, and lighted 
alphanumeric displays. 


Display Screen. The part of a display device where visual infor- 
Mation appears. 


Distributed Processing. Data ‘processing tasks performed 
simultaneously by several interconnected processors of a computer 
network. 


Documentation. The written support material for a computer or a 
program (user or operator instructions). 


DOS (Disk Operating System). A set of programs which handle 
operating functions for a computer with disk drives. 


Dot-matrix Printer. A printer which forms letters and numbers by 
a pattern of printed dots. 


Down. Out of service due to power failure or breakdown, 


Down Time. That period during which a system is inoperable 
through power failure or breakdown. 


Drive. The electromechanical device that operates a data storage 
disk or tape reel. 


Dual Density. Also double density. A recording method (MFM) 
used with flexible diskettes. 
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Dumb Terminal. A computer terminal, normally providing keyboard 
and video monitor, which requires connection to a main computer, 
but which allows remote data entry and access. 


Dump. A computer term meaning to copy the contents of all or part 
of a data storage into another; usually from an internal storage 
(memory) into an external storage (disk or tape). 


Editor. A program that enables the user to put text or program 
information into the computer and conveniently change it. 


EPROM. Abbreviation for Erasible Programmable Read Only 

A form of read only memory (ROM) which may be programmed for 
special purposes and erased for corrections or reuse. (see ROM, 
PROM) . 


Error Message. A statement by the computer to the operator that 
something has been done incorrectly. 


Exclusive OR. A method of comparing two logical quantities such 
that one result (usually zero) is obtained if both quantities are 
alike (both @ or both 1), the opposite result (usually one) is 
obtained if the quantities are different. 


Expansion Interface. A device to expand the functional capacity 
of a computer by containing additional memory or controlling more 
peripherals. 


Execute. 1. To carry out a command or instruction. 2. To run 
a program or part of a program. 


Pile. An organized collection of logically related records that 
are treated as a unit or block. In data processing, an 
integrated collection of data files make a data base. A file may 
be physically divided into smaller records. 

Pirmware. Software stored in read-only~memory. (see software.) 
Flexible Disk. Floppy disk. (see diskette.) 


Floating Point. A method of representing a numeric value which 
contains a decimal point, i.e., not necessarily a whole number. 


Floppy Disk. Flexible diskette. (see diskette.) 
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Fonts, line. Repetitive pattern used to give meaning to a line, 
e.g. solid, dashed, dotted, etc. 


Fonts, text. A complete set of one character type. 


FORTH. An interpreter language developed by FORTH, Inc. Forth 
programs, in general, are smaller and run faster than the same 
programs written in Basic. Forth programs are especially suited 
to controlling devices that can be connected to the computer. 


FORTRAN. An acronym for FORmula TRANslator, a high-level 
computer programming language, used primarily for solving 
scientific problems. FORTRAN requires a compiler (by contrast, 
Basic, derived from FORTRAN, can be interpreted). 


Function Key. A specific key which causes a pre-defined function 
to be requested of the system whenever the key is depressed. 


G 


Graphic. N. A picture. ADJ. Vivid; visible as a distinct, 
recognisable shape or color. 


Graphics. 1. Information conveyed in the form of pictures, as 
distinguished from text. 2. Information on a display of a type 
used for pictorial information, even though the information may 
contain text, such as an annotated chart or graph. 


Hardcopy. Printed copy of machine output, e.g. drawings, printed 
reports, listings, summaries. 


Hard Disk. A data storage medium encompassing a rigid mounted 
disk and drive with a storage capacity 19 to 34 times that of the 
removable floppy disk. 


Hardware. The mechanical, magnetic, electronic and electrical 
devices or components of a computer. Generally, the parts of a 
computer system you can see and touch, 

HDC. Hard Disk Controller (board). 

Hexadecimal. The base-16 number system, which uses the ten 


digits 6 thru 9 and the six letters A thru F to represent values 
from @ to 15. 
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High-level language. A computer language that is relatively 
intelligible to humans. Examples are FORTRAN, BASIC, and Pascal. 
One statement of a high-level language usually corresponds to 
several statements in a low-level language. 


Host Computer. Computer attached to a network providing services 
such aS computation, database management, and special programs. 


Hz (Hertz). A unit of frequency equal to 1 cycle per second. 


IC. Abbreviation of Integrated Circuit. A complex of electronic 
components and their connections produced on a substrate of 
material such as silicon. (see chip.) 


Initialize. Set counters, switches, or addresses to starting 
values at prescribed points in the execution of a progran, 
particularly for re-execution of a sequence of code. 


I/O. Abbreviation for Input/Output. The communication of in- 
formation to and trom a computer or peripheral device. 


I/O Device. Input/output equipment used to communicate with a 
system. 


Input. Any information coming into the computer. 

Input Device. Any machine that allows you to enter commands or 
information into the computer. An input device could be a 
typewriter keyboard, an organ keyboard, a tape drive, a disk 
drive, a microphone, a light pen, a digitizer or electronic 
sensors. 


Instruction. The smallest portion of a program that the computer 
can execute. , 


Integer. A positive or negative whole number or zero. 


Intelligent Terminal. A terminal with local processing power 
whose characteristics can be changed under program control. 


Interface. The hardware or software required to interconnect a 
device to a system. 
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Interpreter. A translation program used to execute statements 
expressed in a high-level language. An interpreter translates 
each such statement into a sequence of binary instructions and 
executes it immediately. Instructions can be freely added or 
modified in the user program, and execution may be resumed 
without delay: an interpreter is interactive. 


Interrupt. To stop a process, 


K. Abbreviation of Greek "kilo": one thousand. In computer 
usage, K represents 2 to the 10th power or 1024. 


Kbyte. Kilobyte (1024 bytes). 


Keyboard. A group of pushbuttons used for entering information 
into a computer system. 


Kilo. Prefix meaning "1080." 


Kilobyte. 16924 bytes. 


L 


Language. A set of representations, conventions and rules used 
to convey information. In computer terminology, a set of 
instructions which may be interpreted by a computer, either 
directly or through translation by a compiler. Programming 
languages used in the preparation of computer programs include: 
ALGOL (ALGOrithmic Language), APL (A Programming Language), BASIC 
(Beginner's All-purpose Symbolic Instruction Code), COBOL 
(COmmon Business Oriented Language), FORTRAN (FORmula 
TRANSlator), and PL/1 (Programming Language l). 


Library. A collection of frequently used routines. 


LISP. A name which stands for List-Oriented Interactive 
Language. A high-level programming language. 


Load. TO copy a program or data into the computer. 


Location. The physical place in the computer's memory, reached 
by an address, where an item of information is stored. 


Loop. Sequence of instructions which are executed repeatedly, 


with or without modifications during each iteration, until a 
terminating condition is satisfied. 
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Low-level language. A computer language that is simpler, more 
primitive, and more tightly tied to the hardware of the computer 
than a high-level language. 


Low-order byte. The least significant part of a two- or three- 
byte quantity. 


LS. Abbreviation of Low-power Shottky. A type of IC logic 
having higher speed and consuming less power than conventional 
bipolar circuits. 


LSI. Abbreviation for Large Scale Integration. Integrated 


circuits with many functions on one chip. 
M 


Machine Instruction. Instructions which are machine~recognizable 
and executable, 


Machine Language. A set of binary codes, representing the 
instructions that can be directly executed by a processor. 


Macro. Combination of commands that are executed as a single 
command, 


Magnetic Tape. A continuous, flexible recording medium which is 
coated with magnetic material on which data can be stored by 
selective magnetization of portions of the surface. 


Mainframe. The central processing unit of a large scale computer 
configuration. 


Main Memory. The internal memory of the computer contained in 
its circuitry, as opposed to peripheral memory (tapes, disks). 


Main Storage. The general-purpose storage of a computer, 
program-addressable, trom which instructions may be executed and 
from which data can be loaded directly into registers. 


Mass Storage. Auxiliary or bulk memory that can store large 
amounts of data readily accessible to the computer, e.g., a disk 
Or magnetic tape. 


Mbyte. Abbreviation for megabyte or one million bytes (1,048,576 
bytes). 


Mega. Prefix for million. Hence one megabyte equals a million 
bytes (1,848,576 bytes). 
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Memory. Any device into which a unit of information or 
instructions can be copied, which will hold this information and 
from which it can be obtained at a later time. 


Menu. A list of programs or applications that are available by 
making a selection. For example, a small home computer might 
display the following menu: 

"Do you want to: 


l. Balance checkbook? 
2. See appointments for May? 
3. See a recipe? 


Type number desired." 


Menu Board. Input device consisting of command squares ona 
digitizing surface. It eliminates the need for an input keyboard 
for common commands. (see digitizer.) 


Micro. Prefix indicating 1/1,000,00@th. 


Microcomputer. A computer which uses a microprocessor as the 
central processing unit. 


Microprocessor. LSI implementation of a complete processor (ALU 
+ control unit) on a single chip. 


Millisecond. 1/199@th of a second. 


Minicomputer. Generally, a 16-bit computer constructed with 
conventional SSI (small scale integration) TTL integrated 
circuits. 


Mnemonic. A short, easy to remember word or acronym that stands 
for another word or phrase. Assembly language operation codes 
are mnemonics. 


Modem. Abbreviation for modulator-demodulator. A device that 
transforms a computer's electrical pulses into audible tones for 
transmission over a phone line to another computer. A modem also 
receives incoming tones and transforms then into electrical 
signals that can be processed and stored by the computer. 


Monitor. 1. A device that displays text or graphics for viewing 
by the user or others. 2. A computer program used to operate 
the computer at the machine language level. 

MTBF. Mean Time Between Failures. 

MTU. abbreviation for Magnetic Tape Unit. 


Multiplexing. The time sharing of one resource among several users. 
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Multiprocessing. A small computer that has more than one CPU and 
is therefore able to process several instructions simultaneously; 
another form of parallel processing. 


Multiprocessor. A computer architecture that can execute one or 


more computer programs using two or more processing units 
simultaneously. 


Nanosecond. One billionth second. Abbreviated ns. 


Network. A group of small computers communicating over cables or 
by use of radio or microwaves. 


Nibble. Four bits, or half a byte. 


Non-volatile Memory. Used to store programs and information that 
would otherwise be lost if the computer was turned off. Cassette 
tapes, disks, bubble memory and CCD (charge coupled devices) are 
also known as maSs memory and removable memory. 


Oo 


Object code. The machine readable form of a program; the code 
produced when the source code version of a high-level program is 
translated by an interpreter or a compiler. 


OEM. Abbreviation for Original Equipment Manufacturer. 


Op code. Short for operation code. A part of a machine language 
instruction, 


Operating System (OS). Software which controls the execution of 
computer programs including scheduling and file management, and 
the flow of data to and from peripheral devices. 


Output. Data being sent out of the computer. 
Output Device. A machine that transfers programs or information 
from the computer to some other medium. Examples of output 


devices include tape recorders, disk drives, printers, 
typewriters, plotters and terminals. 
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Packaged Software. A program designed for a specific application 
of broad, general usage, not adapted to any particular 
installation. 


Page. 1. A screenful of information on the terminal CRT. 2 A 
segment of memory. 


Parallel. Characteristic of a group of signals or bits being 
Simultaneously transmitted or transformed by means of duplicate 
devices. (see serial.) 


Partitioning. Logical grouping of electrical functions within a 
given set of hardware components. 


Pascal. A high-level programming language. 


PCB. Abbreviation for Printed Circuit Board. (see board.) 


Peripheral. Any interface device connected to a computer. (see 
device.) 


Peripheral Device. Any device that is external to and connected 
to the central processing unit but is not a part of the CPU, 
Includes input/output devices. Peripheral equipment may be used 
on-line or off-line depending upon the computer system design. 


Pin. A connection point for electrical components and logical 
elements. May be referred to as a terminal on components. 


PL/1. Abbreviation for Programming Language/l. 


Plotter. A mechanical device for drawing lines under computer 
control. 


Plug Compatible. Refers to the ability to add or substitute 
hardware components to a system regardless of the manufacturing 
origin of each iten. 


Printer. A computer output device that produces written copy. 


Printout. Printed information (hard copy) produced by a 
computer's printer. 


Program. N. A stored sequence of instructions that directs a 
computer to perform some function. V. To create such a sequence 
of instructions. 


PROM. Abbreviation for Programmable Read Only Memory. A form of 


read only memory (ROM) which may be programmed for special 
purposes, (see ROM, EPROM). 
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Prompt. Any message or symbol from the computer system informing 
the user of possible actions or operations. A guide to the 
operator in use of the system. 


Protocol. Set of rules governing message exchange between two 
communication processes. 


Q 
QC. Abbreviation for Quality Control. 


R 


RAM. Abbreviation of Random Access Memory. Denotes addressable 
Read/Write memory; any memory from which data can be retrieved 
regardless of input sequence, 


Raster Display. A display in which the entire display surface is 
scanned at a constant refresh rate. 


Raster Scan. lLine-by-line sweep across the entire display 
surface to generate elements of a display image. 


Read. An instruction to a computer to acquire or interpret data 
from a storage device, a data medium or some other source. 


Read Only Memory (ROM). A memory in which information is stored 
permanently such as a math function. A ROM is programmed 
according to the user's requirements during memory fabrication 
and cannot be reprogrammed. 


Real Time. Immediate and concurrent processing. 


Record. V. The process of writing information. N. A block of 
information. 


Register. One word memory, usually implemented in fast flip- 
flops, directly accessible to a processor. Most MPUs include a 
set of integral registers that can be accessed much faster than 
the main memory. 


Routine. A set of coded instructions arranged in correct 


sequence that directs a computer to perform a certain task or 
series of tasks. 
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wo 


Scroll. To move the information on a display screen (usually 
upward) to make room for more information (usually at the 
bottom). 


Semiconductor. A device or material with an electrical 
conductivity that lies between the high conductivity of metals 
and low conductivity of insulators. Integrated circuits, 
transistors and diodes are the most common semiconductor devices. 


Sequential Access. The method in which data is accessed by 
scanning sequential blocks or records. 


Sequential File. A data file in which items are placed one 
directly after another, as records are kept in a file cabinet. 
Sequential files are characterized by slower access than are 
random access tiles. 

Serial, Charactersitic of a group of signals or bits being 
transmitted or transformed one at a time by means of a single 
device. (see parallel.) 

Soft Copy. Information contained magnetically in storage. 


Software. Set of programs, procedures, rules and associated 
documentation which directs the operation of a computer, 


Sort. A full or part program to reorder data sequentially, 
usually in alphabetic or numeric order. 


Source Code. User-written instruction statements prior to 
translation by the computer into machine-executable forn. 


Source Program. A program written in a language that is not 
directly readable by a computer: it must be converted to an 
object program for use by a computer. 


Storage. Retaining data for an indefinite period of time and 
supplying it on command. 


String. A continuous sequence of characters. 


Strobe. 1. An event that triggers some action. 2. The signal 
which changes to cause the event. 


Subroutine. A program segment that is executed by many different 
parts of a program. 


Syntax. Rules for making statements in a language. 
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Synchronous. Fixed rate transmission of bits of data, 
synchronized by the same clock signal for both the sender and the 
receiver. 


T 


Tape. Inexpensive mass storage medium. Must be accessed 
sequentially. Convenient for large files. 


Terminal. A device which acts as the point of communication 
between user and computer. Usually a terminal is a typewriter- 
like device or a video display unit with a keyboard. 


Text. Aggregate characters, letters, numbers, and punctuation 
marks. 


Time Sharing. Multiple users share the same computer for 
simultaneous tasks, each getting a "slice" of the computer's 
processing time, 

TTL. Abbreviation of Transistor-transistor logic. 1. A family 
of IC logic elements. 2. The standard for interconnection of 
TTL devices. 


Turnkey. A computer system sold in a ready-to-use state. 
U 
User. You. 
Utility Software for routine tasks or for 
assisting of programmers. 


Vv 


Vector. The starting address for a program segment or routine. 
Video Display Terminal (VDT). See terminal. 
VLSI. Abbreviation of Very Large Scale Integration. 
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Warm start. 1. T restart a computer without reloading the 
entire operating system. 2. To restart a program without losing 
the data already loaded or generated before the program was 
halted. 


Word. A logical unit of information. It may have any number of 
bits, but it is usually eight or 16 bits for micro-computers. 


Word Processing (WP). A form of data processing concerned 
with recording, editing and storing written text and data for the 
purpose of creating printed reports and documents. 

Word Processor. A text editor system for electronically writing, 
formatting and storing letters, reports and books prior to 
printing. 


Write. To transfer data to a location in the computer. 
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